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A STUDY OF THE SUL}HUR MATERIAL BALANCE JIN SPENT

»

"MEDIA INVOLVING THE BAGTERIAL STRAIN _, !

RHODOPSEUDOMONAS GOLDAMEIRII

Leslie Chester
. . o ’ . . b, ' , .
: ‘This project was undertaken: to determine the end-
products of the thwo%u]phate convers1on, and 1ts su]phur
-’\mater1a1 batlance, taking place in the nutr1ent med1um used in

culturing Rhodopseudomonas goldameirii. The final product(s).-

¥

of the conversion'are:socfolobitally.imporfant, it was

-

’ necessary to know whether or not they constituted-an environ-
: [d .

, mental' danger..
» 1

y Both instrumeptal_tecthques, poLi;egrqphy,.x-ray
, fluorescence and atomic ab§orption, and classical wet
chemical téchniquqs, titr}metvy and gfabimetry, vere émplqyed
,‘{» in :artyihg‘out the investigatio; For  studies on tﬁe)macrb
’ ﬂevel of thTs“nature, wet chem1ca1 techﬂlnues—afe~super1or to -

1
. the more sensitive 1nstrumenta] techniques.

-

) ¥
The final' product of the th1osu1phate conversion as

R 3 L1

determlned after the.baceteria cease to grow is squhate.

"The eff1c1ency_of this conversion is 99.72 + 0.17%. The *

%i
£
¥
r'

, possible intermediate products of, the conversion were not
. studied during the course of this investigation. The Coe
mechanism by which this. reaction/reaction sequence takes place

is yet to be investigated. . -~ . . . N ' J
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~ 1. ® INTRODUCTION /
”; -
' ) . ' v ’ > - / .
;! | * - The approaching dep]gﬁion 5? many of;our natural

sources of energy- has become a matter of considerable
S concern to researchers in all scientifiec fields of inve®t-.
igatioq._as well as to those working in fhe’area of the
v ‘eﬁonbmics of such sources. Modifications of .the techniqqesﬂ

of the usagg of decreasing energy sources, as well as the .

| - X " development of new sources, have evolved into major areas of
research for workers in all scientific and engineering fields.
» Much of this research centers around the development of. _°

‘ . economical biomass and protein sowrces..

1 o | Throughout such developmental work there is concern

-

not only for the actual methodologies involved, but also

for the environmental conéequences devolving from the pro-

[

cesseSeofiginated, and from the‘bxjproducts of such processes, -

i : , '-, Exploratory research must concern itself with both of these

I

factors. ;

«

Microbiologists (1), for example, endeavour to isolate
and explore various bacteria capable of providing sources
of energy and protéin able to satisfy the requirements of i

s#cfgty and of environmental concern.

-

Rhodopseudomonas go]dameirri,‘ATTC‘No. 31751, is one

4 ' . »
of such bacterial strains currently under investigation in

the Department of Biological Sciences at Concordia University. -
* §

r
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"along with a number of .micro-nutrjents.’

R. go]dame1rr1 is én anaerob1c, purp]e bacterium that’

A}
°

-is photosynthet1c and sulphur ut111z1nqa The® bacteria owe

their purple co]our to the presence of caroteno1d plgmefts
(A = 450 to 550 nm) wh1ch°mask those co]ours that are due to

the bacter1och1orophylls (A =, 850 tb 1000 nm) ,(2), ,"_

P
_R. goldame1rr1 can be grown 1n a nutr1ent medium (3)

conta1n1ng ¢h1osu1phate. b1carbonate, potassium phosphatg

<

and ammonium ch]or}dg as the. major essential const1tuents

L]

Y
. ¥

Thiélbacteria1 strain i; bhotosynthetic and therefore
derives 1ts energy “from 11ghx thﬁbugh 1ts pTgment sys tem.
The th1osquhate in the medluﬁ’serves as_the source of
reducing power, while the bicarbonate,ioh'is thetcarbon

source whiéh'enaple the: bacteria to buiid CEli‘materia1

A

° » .
from the constituents of the medium via the generalized

f
reaction; . PR

, . \
+ i R . »

hv' .
inorganic substrate + CO2 -———> organic cell material

-
¥

(glectrbn‘donor) . .

5 »
i

The bicarbonate ‘ion has a'second function, in'thaf it 'acts’

in a buffering capac;ty to regu]ate the pH of the med1Mm

¢ ("'

o

The medium also contains pétas@ium phosphate, w#ich

is essential- in. the production of both RNA and DNA which
=y

constitute about 30% of the cellular dry wéight' Nit#ogen‘

ass1m1]at1on is made poss1ble by the presence of the med1um

of ammonium . ch]or1de.

»

\

}

e e s
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Jwihich mighf arise out of the final products in the spent -

-

The nutrient medium, by itsg]f, does not prgvide a’

. / A\ X i3
special prdﬂgm relative to environmental hazard.. There 1s

+ o

the probdenm, of colrse; “of determining the degree of hazard

v

medium originating throuoh chemical and bacterial action.

- . 4 .
Such resultant products, and their possible environmental,

v

effects, must De determined. ' _ . |

» \
» .

' ‘ - ' y
The scope of the research project involved here was-

Q‘che determination of. thiosulphate oxidation mechanism(s),
. , , " y

the sulphur gatérfq] and_electron balances involved and .the

nature of the product(s) generated. ) E

-
~

/

- -

&~ - . o . .
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2.  THEORETICAL CONSIDERATIONS FOR THE TECHNIQUES OF

t e

ANALYTICAL CHEMISTRY APPLIED

2.1 . Differential Pulse Polarography

3 b4

Differential pulse po1arogﬁgphy is a technique of ’
electrochemical anaiysis in which‘ﬁ sqqare—wave'voTtage pulse -
is superimposed on the DC_ramp V01€ Qe being applied to d
mercury drop. The voltage pulse is‘app1ﬁed at a fixed
period after the birth of the drop from the tip of the
capiliary. The Qo]tage pulses, .as applied to guccessive
drops, all have a coistant, pnéseiected amplitude of, typic-

ally, between ¥ 5 and * 100 mV, and are supe;imposed on the

relatively slow linear DC voltage sweep as depicted in

«

. Fﬁgure 2.1. The voltage pulse occurs near the end of the

drop life, the normal life of thé‘mercury drop having been

abo}ted'by an crystal-timed, electronically-activated device.

In the differential pu]éé technique, the Furrent flow-
ing at the dropping mercdry electrode (DME) is sampled twice
during the life of the‘grop. The first current sample is
tgken, for about 20 msecs, immediately before the appldcation
of the voltage pulse, as ;hown‘in Figure 2.2. The voltage.
‘pulse is then applied over a period of from 40 to\EO msecs.
Thg application .of the pu1§e produces-a chaqge in:the-curren}
féc:;r,:and this may beﬂgreater or .less dgpendipg on the
position of the DC voltage ;amp. "The change in the current
arises out of two factbrs. The -first is the increased .

current requiréd to maintain.the electrical doub]e-layer

errnbmion el

o e = i St ol sl e B0 Wbt € ot €
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FIGURE 2.1 Application of Square-Wave Pulses to Slowly-
. . Varying DC Potential Ramp
L] I ." / "
. \ \\\ 1\
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cergé at the new abp]jed potential. “This capaci?y current,
as it is called, normally decays vefy rapidly at a rate ”
goverﬁéd by thg maénitude of ihe\capaciﬁanée‘andJseriesc
;esistance of thg“sygtem. The second and simultaneous, ;dd— ,
itional currgnt'changé is~that due®to the faradic current, and
this will be inbreésed if the new potenti§1‘is‘such,that the
equilibrium betﬁeén the ox{dized and'r;duced forms of the
gPectroactiye species is shifted. whére the faradic current
}ncregses, its ra}e of decay is verfh§1dw compared to that .
for the cap;city current increase. There is a second current
sampling, for a 20 msec period, just before the drob is
knocked of%. | /
Duriqg tge growth of the mercury drop, the charging
current decreases as the féradic currént 1ncre§ses. Immedi -
ateiy before thé application of a pulse, the current is )
sampled. Thé voltage pulse is then applied and, if the DC
ramp is in fhe'critica] zone, an increase in the current is

. noted. The capacity currgnt component of this jncreasef

decays rapfdly cbmparéd to the rate of decay of the fagadic

component. Over -the last few milliseconds of the voltage
pu]ge, the current is mainly faradic in. nature, and itis

here that the second'cyrrent sample is taken. The dif erence

between the two sampled currents is the measjured current in

differgntia1 puf;e po]arbgraphy, and this q fference is

e capactt
current factor, thus improving considerably\ the limit

%

detection over that available from the classical DC polaro-



_graphic technique.

° . ‘ . . - y L%

At ﬁotentia]s where.qp quadic'canéht f]ows, the two
currents measured will be almost identical and a]mdét |
exclusively Ehﬁacjfy current in n%ture. At poténtia]s J
quré;ponding"to the plateau of Fhe DC polarographic wave,
ghe currents fér the twq‘samp]es will anin be almost ident-
cal, but will be almost gxc]uéive]y,faradic in nature. At
all potentials betwe;; the start and finish of the rising

©

portion of the DC po1arogrqphi6 wave, differences will exist
betweeﬁ the two curgent méasurements, and “the difference will
be é'maximum at that potential which éorresponds almost
exactly with fhé half-wave potential for the e]ectroactivé

spécies.involved (4,5).

2.2 X-Ray Fluorescence

X-}ay radiation occupies that portion of the electro-

' 0 . 0 .
magnegic spectrum lying between 0.01A and 100A. Théir range

. LY
of approximate quantum energy is from 2-x'10'6 -10

-

“to 2 xe{O

erg, corresponding to 106 to 100eV. Important x-ray analyt- 7~

‘

ical methods are based oh:-
N

~ P

a) absorption. (
b) emission
, c) diffraction

d) fluorescence

A1l of the,ﬁoregoing methodologies are used in both

At

~ - N

E T U

'
b et

- Nt s
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\

the qualitative and quantitative senses to determine the

e]ements and e]ementa] contents of"comp]ex m1xtures, the

-

\
1nterna1 atomic, mo]ecu]ar and crysta111ne spac1ngs of . -

materials. ° . ) o . -

-

W the x-ray fluorescence methods, pr1mary x-rays are

used to éxc1te the sample under investigation. The primany

X-rays must be more energetwc than the mlnlmum absorpt1og

energy for the analyte(s) in the sample. The emitted x—rays

>

from the'sample, or secondary x-rays as they are.called,

v

will be of lower energy, and of a relatively simple pattern

characteristic for each analyte element beihg excited.

X-rays are emitted by atoms which are bombarded by

energet1c e]ectrons generated in the x-ray tube This

-emission of x-rays results from two separate\effects. These'

R 4
are:-

’ o
»

,a) the deceleration of high-speed e1ectrons as they
‘pass through the material of the x-ray tube target.

.b) the jonization of the individual atoms of the.

target ‘material of absorption of electron energies+— -—— .

\ The first effect pnovides the continuous épectrum

common to all primary x-ray emmissions, while the second

effect provides the x-ray spectrum characteristic of the -

3
4

'elenenta1 nature of the tdrget element..

2.2\@ X-ray spectral lines -
5 \ )

\X-ra&lspectra] lines are characteristic for specific
\ R
A : | )



e]ements'wﬁether‘these be present as a primgry beam tube.

target or as a component{s) in the sample under inVestigsiion.
They aré produced wherq fbcident electrons or phofons:hﬁock
“orbital elgctrons out of the atoms of the br{mary or sgcond-
Ery target  material(s).* If an ejected electron is from one
of ‘the inner orbiéa]s of»the atoms (Figure'z.é), an electron

* from an outer she1] may drop to fill the 1nner orb1ta1

vacancy created The decrease in potential energy for this.
outer orU1ta1 e]ectron as it takes‘up an 1nner orb1ta1 she11\
position resu1t§_1n the emission of a photon having exacQ]y

the ene;gy of the decrease. The wavelength, X , for such

" photons is reiiiéjkﬁp AE, the potential energy decrease by:-

- °

.. s aF S
where: - _
¢ = velocity of electromagnetic radiation’
. in a vacuum. (cm/s) - -
«h = Planck's constant (erg.s)
AE = energy decrease for electron (erg)
' . A = wavelength (cm)- - N

Because the energy of the orb1ta1 e]ectron is quant1zed
the x-ray photons will show certa1n definite wavelengths

.characteristic of the element invo]ved.

2.2.2 Production of x-rays

Since all x-ray tube sources of x-rays depend on elect-

ron bombardement for excitation, the x-ray continuum is

—
.

Lkt
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Figure 2.3 Origin of X-Ray Spectra, Primary Radiation



f
-

12.

important. The continuum is dué to the rapid deceleration

of the bombarding electrons as they pass through the atoms

of the target material. The energy 1b§t in,thié slowing-
/ .. ¢

down action is emitted as the continuum of x-ray radiation.

There is a sharp minimum,wavé]ength, Amin, for this continuum,

®

corresponding to the energy of the accelerating voltage, and -

we have:-
in = he o 12.4 K
Amin = == S e 3 (2)
where:--
i 0
Amin = minimum wavelength (A)
) h = Planck's constant (erg.s)
v .¢c = velocity emr in Qacuym (cﬁ/s)
ev = electron volt (erg)

V = accelerating voltage (kV)

z

Thegchardctefﬁstib‘spectrum resu]ts_from the impact
removal of orbital e1ect;oﬁs by electronic or photoﬁic‘
energies. Theextenthof the absorption of these gnergiéﬁ
depends only‘on the numbe;-of atoms of the élement of inter-
est in‘the péih of the electron stream or ;-réy stream from
the primary souEEe, ante is independent of the physicatl og

°

chemicé] state of the element. .

The absorption of x-rays by the sample material follows

Beer'; law written in the form:-

»

I = I, exp (-upx) . (3)

6

-

s g = e

3

. -
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where:-

-

transmitted intensity of x-rays

incident x-ray intensity

\

mass absorption coefficient (cmz/g)
A

density of absorbing substance (g/cm3)

distance traversed in medium
penetrated (cm)

’

The mass absorption coefficient, u', is a function of

1

the wave]engtﬁ and of the atomic numbér of the absorbing

<

element, and it can be taken as the measure of the probability

-

of the absorption of an incoming x-ray photon.

~N

The conditions for diffraction of an x-ray-beam by a

- crystal are subject to Bragg's law (6), and the general

situation is shown in Figure 2.4. Reinforcement 'of reflected

rays emerging from the two crystalline planes will occur

‘only if the difference in path lengths of the two rays is

equal to an integral qumber of wavelengths. The condition

for reinforcement is therefore:-

where:-

[

naA

pe-]

>

2dsin© L .(8)

[ond

order of‘ref1ection

vwave1ength of radiation (R)

crystal plane spacing (R) .
angle of diffraction (deg)
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2.2.3 Detection of x-rays

' 1
In order to detect the intensity and quantum energy of

°

x~rays it is necessary to convert the x-ray energy to another
7
energy form wh%gh lends itself to easy ﬁ;asurement. The two -

major devices used for the detection a(d measurement of

A ]

X-rays are:-

-

a) the proportional flow counter

b) the scinti]]ation‘counger

-

8

Both counter or detector forms depend on the abf]ity

of x-rays to ionize matter, and they differ only in the

LN

subsequent fate of the electrons produced by the'iohization

process. ' o

v

2.2.3.1 Proportional flow counters/detectd;g\ '

A proportional flow counter consists of a tube (outer
electrode or cathode) filled with an inert gas such as argon,
xenon or krypton and.-a central Eo]]ecting wire (anode). A
difference in potential is applied between the cathode and
the anodeil Figure 2.5 indicates the gefieral design and
principle. When an ionizing radiatién such as x-ray radi-
ation enters throdéﬁ the external tube window, collisions
with the slow-flow filling gas produces an ion pair, with the

eTectron produced migrating to the centra] collecting wire

®

and, the positive jon migrating to the externa] tube cathode
. The migrating e1ectron is accelerated to the centra] wire

under the difference in potent1a1 app11ed, and .causes by .,

2

< o
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c01]1s10n the 1on1zat1on of numerous other filler gas -

amo1ecu1es The result of this 1s each_ enter1ng X- ray photon

-

lre§u1ts in a mu]t1p]1cat1on or avalanche ot electrons
¢ “ ' 3 . * ) .
L ‘trave]]ing to the central anode. By this internal multi-

plication process, .a single ionizing radiation.may result in

an output pulse of 1 to 10 volts. . :

2:2.3.2 Scintillation counters/detectors

AN

The usua] sc1nt111at1on crystal for x-ray ana]ys1s

consists of a large sodium 1od1de crystal activated by a

sma]] content of the element thallium. The absorpt1on’pf<§n

X-ray photon by the crystd] is fo]]owed by the emission of
photods of visible 1d§ht, the number of photons'of visible
light issues pet photon of x-ray radiation being approxi-
mately on an.energy—ratio basis.v The 1ight photons are
detected by a photomu]t1p11er tube: (F1gure 2.6). The 1light

{
pu]ses generated in the. sc1nt111at1on crystal strike the

»

light sensitive surfacewof the photomu]t1p11er, caus1ng the

\ N A 2
ejection ofelectrans. The primary ejectjdn of electrons,

by passage throdgh a series of acceleratiné grids, provides

kg, * for a high electron emission mu1t1p11cat1on factor. By the
. ™
time the final collector anode has been.reached, the multi-
6

plication factor has attained a value of 10" or greater. As
with the proportional fiow counter, the magqjtude of the
output current éigna1vrepresents the intensitx.of the x-ray
.rddiatjon;-the ana1yzed.iqdividud]-pu]sé amptitudes in
T/7 potentiaf Qil] relate to the energy of each type of X-ray
» . ‘_ - '
- "t

- . - ‘ 17.
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photon (x-ray radiation). entering the counter.

Ty

2.3 Flame At&mic Absorption Spectrophbtqutry

i

Atomic aﬁsorptioh spectrophotometry is an analytical
technique capable of determining many elemental substances
in .the parts per million or less ranges. There are, in

gemeral, two atomi¢ absorption methods, flame and flameless.

In the flame épproach the sgmp1e, usua11} in the fbrm
pf a homogeneous 1liquid, is aspir;ted into a.flame. Thefmai
aﬁd chemi%a] reactio;s occur in the flame which cause the
analyte mateérial tp appear as free atoms. These free atohs
can be observed to absorb electromagnetic radiation of
specific wavelengths cﬂaracteristic'hf the énalyte element
\ " involved. The degree of ab§oﬁptioh can be directly relatéd

to,the‘concentratidn'of the analyte in the aspirated ‘
solution. Figu;e 2.7 indicates the schgmatic arrangement

for a flame atomic absorption spectrophotometer.

1

When an atom férmed by dissociatioq as indicated above,
“at can be assumed that, undér the flame conditﬁons”invélved,
it will be in the ground state; that is, at tge 1oquf
pqtential enerqy‘state. Apsorption by sgcﬁ a gfound state:
atom o; the photén'energy for”glectromdgne;ic r%diétion of
the b%%béq wavelength raises the afom, by electronic orbital
shifts, to a higher energy state. The photon enefgy is /

provided by electromagnetic radiation of que]ength'tabable

of providing the exact quantum energy for the orbital shift(s)'
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involved., The-loss of radjation'intensity from this absqrp-
tion process can be determined as ébsorption, and the degree,
o of absorption or absorbqnce will pe di}ectly related to the

concentration of- the activé atomjc species, or analyte, in

1 o

., the flame, which itself will be directly proportional to the

analyte concentration in the aspirated solution (7,8).
\ > .
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3. - EXPERIMENTAL PROCEDURES

o~

Vi

3.1 Instrumental Ana]yfical'Technigues and Their

.App]ications

3.1.1 Polarography

Differential pulse polarography was carried out at the
DME, usiqg an Ag/AgCl (sat. KC1) refereﬁce electrode and a
platinum auxiliary electrode. A Metfshm E626.Po1;record and
a Metrohm E505 Polarography Stand weré‘app1iéd. The prepared ,
sample solutions were all tested for sulphite, sulphide and
thiosulphate ion;,-the quantitative eétimation being carried
out by the ,standard addit}qns or sbiking te@hnique (9).

The.genéral purpose of this approach was tb'determine
the amount of thiosulphate ion present in iew media and in
media spen s the result 'of bacterial action. The presence
of Sulphite and/or sulphide ions~in.the spent medja would
also be’tested, these ions then arising out of bacterial
. and/or chemical action. If sulphite and/or sulphide ions
were found, their quantities could then pe deierminéd by thq/
“ spiking technique. This approéch permitted the determinj}XGn

of all 'three ians in the same solution. - o

3.1.1.1 Sulphide ion detection and determination "/;

’

The supporting electrolyte solution was prepared py

‘adding 1 m1 of 2M sodium hydroxide solution to 19 ml of

~
]
- ‘;

R
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deionized water. “This solution was'degerated for 5 minutes
by the passage of nitrogen gas. A known volume of the
fg%alyté’(either prepared media, prepared media aged without
bacteria present or exhausted media resulting from bacterial,
action) Qas then added‘and mixed in with a quick burst of ,
.nitrogen gas. A polarographic scan was conducted in the
Qifferentia] pulse mode over the potential ranée of - 0.3V-
to - 1.25V vs Ag/AGC1 (sat. KC1). Multiple spiking with a
standard known concentration so]dtion of sulphide ion waél
.then carried out, a polarogram being obtained aftéer each
;pike. Linear regression of the b]ankizorrected ob taysed
polarographic peaks'was carried out to determine the congent;
ration of sulphide ion, if prgsent, in each of the analyte
solutions. , & ' ‘.

S

¥

3.1.1.2 §g]phite ion detection and dete;minétion

To each of the solutions from the sulphide assay was
now added 2 m1° of 2M acetic acid solution. A differential
pulsé‘polarogram ﬂ%s recorded over the potentié] range from
. 0.45V to - 1.15V vs Ag/AgCl (sat. KC1). Multiple spikes of
a standard sulphite ion solution weré added, and polarograms
obtained after éach spike. Linear regressibn of the
corrected obtained peaks was carried out to determine the
‘concentration of sulphite ion, if present, 1p each of the

-

. analyte solutions. L

@
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3.1.1.3, Thiosulphate ion detection and determination .

. ' - ¥

. 1

The resulting solutions, at the conc]usioh_of the

4

5u]ph1tevana1yse§, were analyzed directly for:thijosulphate
ion concentration by recording differential pulse polarograms
in the range from - 0.1V to - 0.3V vs Ag/A¢Cl. (sat. KC1).
Multiple spike§ of a standard thiosulphate ion solution were
added, aqq/g/pe1ar6§ram obtained af%ér each addition. Linear
Peg?%?ggon of the background-corrected polarographic peaks .
obtained for each so]ution was carried out to defermine the
concentration of thiosu]ﬁhate in each of the énﬁ1yte

13

.solutions.

3.1.2 X-ray fluorescence-

X-ray fluorescence analyses for total sulphur in the
various forms;of solution media” were carried out on a Picker
Nuclear X-Ray'F1uoresceﬁEe‘Spehtrometer. The squhur K line
was used for the determination, the chromium target x-ray
tube was used and céunting.was carried out yith a proport-‘

'

jonal flow counter.

3

Calibratien standarvds weré prepared, based on sulphur
‘weiéht-fractionz andlwere contained in 1iquid sample holders
or'ceﬁls covered with Mylar* film. The standards wereUUSed
to determiné‘the extent of the linear relationship betwqgn
counting intensity and weight-fragtion of §ﬁ1phur. Once the
Tinear relationship zone was determined, the media samples

of Vafious origins ,were analyzed for sulphur under the same

oo o+ et

N
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conditions of sample preparation and under the same x-ray

parameters,

3.1.3 Flame atomic,ébsbnﬁf%on:gpectrophotometry :

t

ﬁihe concentration for the heavy metals present as
constftyents and/or contaminants ;n the culture media were
deted%ined by flame atomic absorption spectrophotometry. Thg
ana]ytes.]oéked for dncluded copper, lead, cadmium, iron, zinc,
njcke], antimony, manganese, chromium, tin, bismuth; vanadium,

-

cobalt and molybdenum.

A set bf standard solutions was prépared for ‘each of the
hea&y metal analytes involved, and deionized, g]agg-disti11ed
water was used throughout. fhese standards were used to B
calibrate the Perkin-Elmer Mbde] 503 Atomic Absorption
Spectrophotometer for each element, and to determine the
linearity range of absorbance versus concentration in each’
case. Once the‘ca1igration curve was obtained, the necessary
linear equation was calculated, and samples of the various:’
media %orms were aspirated into the flame (10). The linear

eﬁuation was then applied in the ca]cu];tion of the media

4

content of each heavy metal on the 1ist.

3.2 Wet Chemical Analysis Techniques and Their Applications

&

)

3.2.1 Preparation of culture media

i
> .

The relative concentration of the various constituents

-

of the culture media are shown in Table 3.1. Two methods- for

i)



TABLE 3.1

MEDIA CONSTITUENTS AND THEIR APPROXIMATE CONCENTRATIONS *

. : Chemical : Concentration
Chemica] _Name ' . Formula | (g/L)
{Sodium thiosulphate péntahydrate . Na2$20£,’.5H2l0 ! 16.0000 (1)
Sodium bicarbonate ' " NaHCo, 10.00  (2)
Potassium phosphate " K HPO, 2.0000 (1)
Sodium chloride NaCl: - 16.00 (2)
Ma’g'nesium 4su1phate“heptahydrate . ' MgSO4.7};26 . 0.5000 (1)-
Ammonium chloride ) NH,CT 'IOO (2)
Sodiun molybdate dihydrate Na,Mo0,,.2H,0 © 0.0001 (3)
Calcium chloride ' .. cacl, 10,0020 (3)
Manganese chloride . MnC]2 0.00012 (3)
Ferrous sulphate heptahydrate | "FeSO4.7H’2 0.0050 (3)'

. . - o
* The exact concentrations of prepared, initial, control. and spent media
samples can be found in Appendix‘A.’

v

Y .
(1)5 Weighed accurately on an analytical balance
\ - .
(2) Weighed accurately on a top-loading balance , ‘ . . .

(3) Added to.the media in the form of a 1.00 ml volume of a concentrate
capable of giving the required final media concentration indicated

PSR T B
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the -preparation of the culture medija were employed at
~different times during the course of the study. These methods
will henceforth be described as Method No. 1 and Method No. 2, '
and the methodologies themselves are indicated below. A1l

of the water used in ¢ulture media preparation was deionized,

gTass-disti]]ed water, and has been deijé%ated as HZOD (3).

3.2.1.1 Preparation method no. 1

In this methodology the sodium thiosulphate, sodium
bicarbonate and potassium phosphate components were dissolved
in 400 ml of Hzoﬁ. This solution constituted Solution A.

The sodium chloride and magnesium sulphate components

were dissolved in 200 m1 of H,0p, this constituting

Solution B.

Finally, Solution C was prepared by adding the ’
"ammonium chloride and the trace metal salts to 200 ml of

»
HZOD'

Solution C was added to Solytion B with thorough
mjxing, and the resultant solution was then added to Splution'
A with fhorough mixing. The final volume was adjusteh to
slightly below 1000 ml, the soiution was pa;sed through a
ce?a@ic bacterial filter .and was then diluted to 1600.00 !
0.15 ml in a volumetric flask. For experimental media the
§oTution was_ inoculated from a stock culture of R. golda-

meirri énd yas then deaerated by passing nitrogen gas for a



)y . ' ’ . . ‘ X
5 minute period. The same preparation procedure, without
bacterial inoculation, was followed for the initial and‘ p

control media. The control and- experimental ‘media ‘were

0

incubated aF 28 ¥ 1°C, under incandescent lighting at 40

watt.

A
3.2.1.2 Prepara%ion method fo. 2

. ' N N
The sodium@ﬂphate, sodium bicarbonate and
potassium phosphate components were dissolved in about 400
ml of H,05, the solution was mixed thoroughly, diluted to

500.00 * 0.08 ml in a volumetric flask and :the contents.

transferred to a 1 liter Erlenmeyer flask. The same 'proced-l .

ure was followed for the additions of sod&' um chjoride,
ammonium’ chloride and magnesium sulphate., ‘Both 500 ml
solutions were autoclaved separately for fifteen miﬁutes;
under condit'ions involving 270°F and 17 psig'. The coé]_ed

solutions were mixed together thoroughiy, the trace metal

components being then added as concentrates through a

-

syringe-type bacterial filter. The inoculation and deaera--

&~

tion procedures conformed to those outlined in Section "]

\
'

3.2.1.1. . I

’

3.2.2 . Thiosulphate determinmation

The thiosulphate content of the bacterial culture media,

whether initial, control or experimentél, was /determined
( ‘.
titrimetrically.using the iodimetric method of analysis.

B n
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An apbropriate volume of the media sample was pipetted’ -
into an Erlemeyer fla;k, and the solution pﬁ nas adjusted

to 4.0 by ,means ot‘additions of glacial acetic acid. The
resulting solution was titrated with a standard iodine
solution, using starch ‘solution as the endpoint indicator.’

el Ty N
Appendix B provides the general methodg1ogy and its applic- - .

“ation (11). - . T,

e—

3.2.3 Sulphate determination v

-

An appropriate media sample volume was transferred by

pipette to a beaker, and HZOD was added to provide a final

voTume of 100 m1. The solution was acidified by adding 6.0
ml of 1:1 hydrochloric acid by pipette. The solntion was

brought to boiling, and 30 m1 of 10% w/v barium ch]bride . ‘
A 4
solution was added slowly and w1th constant st1rr1ng 'THe

solution was then heated to Just under the bo111ng point for k\/?”%&‘

a two-hour per1od. It was then allowed to stand overn1ght

\
" After the:Sett1ing period, the solution\was warmed to

60 - 70°L, and this warmed solution was filtered thnéugh a
prevﬁous]y-condit{nned and weighed- Gooch crucible. The filter
was washed repeated1y with hot HéOD’ until a silver-nitrate
solution test showed freedom of a ti]trate portion from

chiorides. The cru1c1b1es were air-dried and we1ghed to

obtain a constant combined we1ght for barium su]phate and

_volatiles, the latter présent mainly as elemental.sulphur. ",

The crucible was then.ignited to&constant'temperature at



Ry
o

'

4

950°C (11,12).

a
c -

"3.2.4" Hydrochloric acid blank and-sulphur‘dioxide
determinatien - R S

7

Since, on ac1dwlat1on of a th1osu]phate solution, the
-thiosulphate is destroyed y1e]d1ng e1ementa1 sulphur and

sulphur dioxide in accordance with:- _ ’ I

szog' A 2HCT 2 2017+ SO, #5° 4 H,0

these constituents of the experimental media must be accounted

b

for before a material balance -for sy]phﬂr can be made.
. ) . P LT

3.2.4.1 Hydrochlorié' acid blank

#

-

A volume of the sample mbdia équal to that used for the'

sulphate determ1nat10n was p1petted 1nto a beaker, and the'
final volume was adJusted to 100 ml w1¢h Hy0p- 6.0 ml of °
T:1 hydrochloric ac1d was added by pipette.- The resditing
so]ut1on was heated to Just under bo111ng for two hours, and

a

then allowed to stand overn1ght This solution was sub-
sequent]y(heated~to 60 - 70°C, f1]tered throughBa prev1ous1y-'
cond1t1oned and we1ghed Gooch crucible, and washed with hot
‘le unt11 a portion of the f1]trate showed freedom from
Q'chlomdes uponns11ver nitrate ;o]ut1on testing. The cr%c1ble~
ewaﬁ air-dried and weighed at constant weight; éndlﬁhis was
%o]fdhed by {gnifion to eohgtanf weight at 959°C xo‘deterl X

mine the weight df nqnvp[ati]e\residues'contributing to the

Avolptile,weight previously- recorded (11).

. '
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3.4.2.2 Sulphur dioxide determination

B 2 RN
-
>
~

In order toudeterm{ne'quantitative1y the su]phdr
dioxide .evolved, the generated sulphur dioxide was ox1d1zed

; . to su]phate, the resu]tantwsu1phate prec1p1tated as” bar1um
'su]phate and the determination comp]eted grav1metr1ca11y

% . . - .

: ’ . A gamp1e vglume of the media equal to that used 7in the”
‘ % - sulphate determination was pipetted into\; cell which |
1 . provided a closed system. zﬁigure 3.1 shoWs the-generé1,1ay—

;' ' out for this system.

3 . ’
v

. S : L
3 . 4 N
Exactly.6.00.m1 of a 1:1 hydrochloric acid solution -

43

. was aeded by means pf a Separatofyffunne1: ~0Oxygen. gas was °
% " " . passed through "the solution and over the surface at a low
| rate of flow, this addition acting as both a reagent in thef‘
subsequent reactign and as a purging agent. The mixed'gases
En . Qerenthen Pa§sea‘to an absqrpfionabu15 cantaining'Hzob, and |

2 ml 'of. 6M, ferrous nitrate'so]ution to catalyze the conver-

‘

sion of sulphur dioxide to sulphuric”ac¢id. The oxygen was

" S passed through the sample solutign for a two-hour period.
o | ] A

2, The absorbing solution was then quantitatively trans-

¢ . :,
-  ferred to a beaker,, heated to just under boiling and 30 m]
\\ , A" ,
of  10% w/v barium chloride solution was added sTowly and with

. . ‘ .
y « constant stirring. The resulting sdblution-was heated for two

.huursf\at just under thé boilipg point, and then allowed to
stand ovErn}bht at room temperature. This solu{ion was |

. . . . .'.'\_‘/ «
subsequently heated to, 60.- 70°C, filtered through a o

‘
Yo
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u
’ ‘ ' ’ %
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.

previously-conditioned and weighed Gooch crucible and washed

2 D\
chlorides upon testing with silver nitrate solution. The

with .hot H,0, until a fi]trate:portion‘showed freedom from

v !

crucible was then.heated to constant weight at 950°C (13).

3:2.5 Determination of the bacterial weight per liter of

media
V4 The bacteria suspended in various samples of exhausted
a or spent mgdia were centrifuged for 10.minutes in a centri-

‘ 1
fuge rotating at 10,000 rpm. The pellet. thus obtained was

.

. freeze dried in a lyophilizer (Varian Model 801) and weighed

‘as grams of bacteria per liter of media.

1
. ™y
3.2.6 Determination of 'the total sulphur in bacteria

J .

e . Sulphur and/or sulphur-containing compounds might be

incorporated in the bacteria during the incubation period

L]
-~

, and, consequently, must be determined in order to obtain a

valid material ba1aﬁce.

Bacterial samples weighing 0.5 g were dissolved in 20
m} of concentrated nitric acid, After dissolution was K
complete, 0.5 g of sodium carbonate‘was-added and the resu1t-\
z‘ ant solution was evaporated at low heat until ‘the volume was
reduced to 10 ml. After cooling, 10 m1 of concentrated
. hydrochloric acid was added, and the solution Was evapordteﬁ
to dryness. An additional 10 ml of cbncentrated‘hydrochjoric
hacid~was added to dissolve the caked sa1ts.' This mixture

\
was then reduced to-a ssysrupy cons%stency by heating.

7’

?
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The soTution'was‘suﬁsequent]y_h]]awed to cool to room

temperature. An addition of 10 m1 of concentrated hyd}ochloriﬁ'

A

‘ac1d, 25 ml of H 0D and 5 g-of zinc dust was made The'
:solutlon was warmed)éent1y until the evolution of hydrogen
ceased. The warm solution was fwltered.through a Whatman -
No. 42 filter paper. The original vesse] and the filter
paper were washed with 75 m1 of a 1:99 hydroch{dric acig
so]uiﬁoh. The filter paper was discarded, and.thé filtrate
warmed to(60 - 70°C, Zp‘ql of 10%-w/v barium chloride
so]ytian was then added sloﬁ]y and with constant stir;ipg. N
This solution was then héated‘}o.just undef\thé boilipg

point for two hours.‘and'thep.allowéd to-stand overni[ht

at room temperatdre. The‘solution was ssbseqdently filtered
tHfough a ﬁhatman No. 42 fi1£er paper; and %hé filtrate was
discarded. The ba?ium sulphate f{Tter‘vas Washed with two
10 m1 portions of a cold 1500 hydrochloric acid solution,
and- this was followed by repeated washings with hot H,0,
until portions of the filtrate showed freedom from chloride

\
when tested with silver nitrate solution. The filter was

reserved. The washings were co]‘ected, and - 2 ml of a 10% w/v .
barium chioride solution was added. The solution was
evaporated to dryneSS‘withouq paking. The residue was

t}éated with 2 ml of a 1:1 h}drochlojﬁﬁxacid solution and

25 ml of warm HZOD’ and was subsequently digested at 70 C for
two heurs. The warﬁ solution was f11tered on the or1g1na1
filter paper, and the total precipitate was washed with HZOD‘°
until ch]oride—freé. fhe filter paper.and contents were

4
f

v
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- . ’

‘charred in a previous]y—wéighed platinum crucible, and this
was followed by ignition to constant weight at 950°C, Th%

érucib]e and conterts were taken, and one drop of 1:1

su]phu}ic acid and 1 m1 of concentrated hydrofluoric acid

.were added .. The crucible contents were then evaporated to
\ * . . . a L4 - E
dryness. The crucible was then dignited to.constant weight

at 950°C. A reagent blank was carried through the entire

procedure (14). ,
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4. RESULTS AND DISCUSSION

4.1 Results from the App}ication of Instrumental Techniques

4

4.1.1 Polarography v

4

A

As indicated in the previous Sepfiohs,'differential
pulse ﬁo]arography was applied to attempt. the detection and
determination of sulphite, sulphide and th1osu1phate fons in

var1ous forms of the culture media. ) A

Sulphide was suspected to be present in the spent
media, since an odour reminiscent of sulphide was occasion-

ally detected in this media.

\
v

RS
Sulphite was a possible bacterial degredation product,
either final or intermediate, of the thiosulphate ion

oxidative process.

No peaks of s1gn1f1cant magnitude were located at the
ha]f wavé potentials characteristic of sulphite and sulphide
were noted for any of the media samples analyzed. On this

Q 1 K

basis, sulphite and sulphide iqns were considered to be

absent in all of the tested media, so that these ions did

" hot originate as the results of either bacterial or chemical

action.

c

A half-wave potentidl of about - b.]]V vs Ag/AgCl (saf.

~ KC1) was determined for the thiosulphate ion. A sumhary of

the data and the results obtained from several differential

3

\



’

pulse polarographic examinations for thiosulphate fen are

]

shown in Table 4.1.

The results #shown for this technique of determfnation
of\thiosu1phate ion concentration indicate a significant and

L consistent error. The obtained results always indicate, for,

‘the initial and control culture media samples, more thio-
‘sulphate than was actually used to.p}epare the,media. In
addi}ion, the reigﬂts obtained poiarog}aphica]1y do not
; ; agree with those obteined by the titrimetric method\of

analysis.

\

1 ‘ .
r , The most  Tikely reason for the failure of the differ-
‘ential pulse polarographic technique to provide accurate and

reliable data was the inordinately high concentration of

thiosulphate ion in the samples under test. 'Differential
pulse polarography is a re]at1ve1y sensitive technique, -and
‘(;

the concentration of th1osu1phate ion under analysis in the

samp]es involved exceeded significantly the upper detection
limits for the Jineer]y'responsive zone. The logical manner

in which to overcome this situation would be to dilute the
original sample of the media to the point where the thio-
sulphate concentration would have been within the range of
linearity of response. In order to carry out this require—
ment th% degree of dilution would have been such that the
error associated with the h1gh mu1t1p11cat1on factor 1nvo]ved ~

would have seriously affected the re11ab1}1ty of the

analytical results,

-
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4.1.2 X—réy fluorescence

LY

- An attempt'wag made, as indicated in Section 3.1.2, to

determine the total sulphur concentration for the bacterial

~ o .

culture media by the x-ray fluorescence spectrometric

-

technique.

" The calibration standard prepared ranged from 0 to 4.5

. grams of sulphur per kilogram of solution. The parameters °

used on the x-ray fluorescence spectrometer #or calibration

and all subsequent analyses are shown in Table 4.2. The

I

calibration déata are shown in graphic and linear equation’

form in Figure 4.1 and Table 4.3. ' /
N . VA

It was assumed that ‘the bacteria incorporated a

ulphur and sulphur-containing substances.

negligible amount of

The total sulphur contained in the media should therefore

closely approximate the total.amounts of thiosulphate and

sulphate, as sulphur, .adde 1nitia11y in, making up the media.

A portion of each media ‘sample was filtered and analyzed ‘

by the x-ray fluorescence technique. The results for each
samplé teésted are-shown in Table 4.4: Sahp]eé of unfiltered

media were also ang]yzed, and the results for these are shown

’ ’

in Table 4.5.

Inspection of the total data indicates that the experi-

" mental results were consistently and significantly lower

than the expected results, as based on the makeup of the

media. ﬁnitially, the low values for sulphur in the filtered

¢
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Counts x 10

Coefficient of corelation (r) .

= 0.9645
+ 1000 4 Linéar“equation:-

Conc. S (g/kg solution) = EEE%%%:§Z§

¢

|8 -1 - T T T
1 . .3 : 5 -
Concentration S g/kg solutiou

FIGURE 4.1 * Calibration Curve - X-Ray Fluorescence .
' Determination of Sulphur . .
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3 ' TABLE 4.2
|
INSTRUMENTAL PARAMETERS FOR X~-RAY FLUORESCENCE
Target - Chromium -~ " ‘
Counter ) - Prpportiona{l flow
Excitation , ‘ 48 kv
‘ Conditions o 30 mA
Diffraction Angle ~ 75.75°
Counting Time 30 seconds
Range’ - ' ‘ 1K
’ ' >
Time Constant - 1
) : & L ;
High Voltage Setting 2.40 kv (dial). 1.35 kV (meter)
Scale Expansion ' 1
Zero Supression . 0.0
Gain : ' 10 .
/ ! 4 ’ LY
b:
: R




*

t

TABLE 4.3 _% .
\

'CALIBRATION DATA FOR XRF DETERMINATI ﬁ.OF TOTAL SULPHUR,

NP

¢

Concgntration ,' Inteﬁsit _ 4 Ave. intensity
. {g S /kg soln) | counts x 101 counts x 10-1
‘O;QOOO 512, 509, 521*, 513, SQB‘ 510 (5105)
0.9983 1266, 1266, 1247, (1244}, 1226 1250 (12498)
1.7813 , 1400, 1369, 1363, 1377, 1329 1368 (1367%)
%;0153 ! 1829, 1816, 1831, |1810, 1742% }822 (18215)
; 4.061? 2172, 2156: 2146, |2133, 2133 2146 (21460)
' 4t4818 2977, 2981, 300Q, 2917, 2893 2954 (29536)

a

r

* Data rejected with rejection based

\on std.(gev. x 1.5

|
' i
Linear regression analysis yielded:-
. t

\

[
'

coefficient of corelation Vr) = 0.9645
P . counts x 1071 - 579
Conc. S~ (g/kg soln) ‘
461
i
- i { [
e
’
' L4

-,
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al
a2
A3
A4 -
AS
A6
A7
A8
A9
210
A1l
Bl
B2
c1
c2
B3
B4
c3
ca
B5
B6
c5
cé
B7
B8
c7
c8
B9
B10
9,
C10

1

TABLE 4.4

’X—RAY.RESULTS FOR FILTERED SAMPLES

o
< ¢

S

‘ Concenfggtion (g/L) Ex?ectéd Concentration (g/L)
Y 4.2575 . 4.4071 g
3,7967° 4.3843
3.8697 4.3837
4.3029 | 4.4465
' 3.9559 4.3927
3.2192 4.3871
3.7147 4.3863
3.6725 ' 4.3848
4.3309 4.3893
3.5129 4.3832
3.8322 4.3834
.3,8820 4.3839 -
' 3.4056 4.3842,
- 3.3115- 4.3848
© 3.0369 © 4.3836
-~ 3.1412 " 4.3846
2.7115 4.3853
3.0446 4.3856
3.0800 4.3833
3.1375 , ' 4.3858
3.0456 ' 4.3827
2.6310 ' 4.3906
2.7247 |4.3825 :
"2.9428 4.3792
3.0371 4.3832
2.6756 d .3813
2.6321 - 4, 3838
3.0018 . 43839
2.9583 4.3873
* 2.5530 4.3836
. 2.3660 4.3892



“TABLE .4 .5

'X-RAY RESULTS FOR UNFILTERED SAMPLES
- . .

Sample Concentration (g/L) ‘Expected Concenttation -(g/L)

«. Al
L A2
o a3
' V'
. A5
A6
., A7
A8
A9
A10
All
- Bl

B2 -

c1
c2
B3
B4
c3
c4

. B5
B6
o
cé
BT
- B8
c7

i‘ﬂ? o .B9'
. . ‘ Y« d , X Blo

oL | C9
Lo . c10

4.2714
4.2395
4.1841 °
4.2833
4.0082"
4.0429
4.0647
4.0732
3.9885

.+3.9942
4.1465

3.3295
2.8257
2.3939
2.6052
2.6022"

. 2.2057

2.3367
2.5831
2.4040
2.5437
2.1795 -
2.2894

2.%§aﬁ\<
2.3863

2.1363
2.2754

" 2.3150

2.3327
2.1553
1.0074

4

L

' 4.4071

4.3843
4.3837
4.4465
4.3927

4.3871,

4.3863

.4.3848

4.3893
4.3832
4.3834
4.3839

4.3842°

4.3848

4.3836. .

4.3846
4.3853
4.3856
4.3833
4.3858
4.3827
4.3906
4.3825
4.3792
4.3832
4.3813
4.3838
4.3839
4.3873
4.3836
4.3892

44,
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\ samples were tﬁought»to haye originated qxlthe result of

Ll

sulphur or sulphur~containing coﬁbound loss as precipitate
material during the filtration process. The unfiltered -
‘ samples, however, gaVe equally erroneous resu1£§, and these

§ e were aésume to be due to the turbid nature of the spent

<
L b

“.media, the fine]y-divideq, ;uépended particulate matter

o : causing some diffraction of the x-ray beam with correspoﬁd-

j ‘ ingly lower sulphur results.

3 It should be noted that the ease of determining

elemental substances by x-ray fluorescence decreases ﬁitﬁ

decreasing atomic nqmbér of the analyte, becoming important

with the lighter elements. This is due to (15):-

a) Reduction in excitation efficiency.

b) An increase in absorption for the fluorescent "
or emitted radiation 'throughout the optical
path of the spectrometer from specimen to -

v detector.

c) A decrease in the signal-to-noise ratio and
thus a decrease in sensitivity.-

@ d) LeSs'refiectivity for the crystals used to »
“examine relatively long x-rays (16). Cor

[

4.1.3 Flame atomic abgorption spectrophotometry

?5

Microbes res?ond to heavy metals in different Qay;,’_
and thg;e depend gn both the tyne of microorgénism invo]Ved“
and the concentration o% the heavy metal in the ehvironme#t.
A1l microbes require certain heavy metals in their nutrition

-cyc1es, and thgsé include cobalt, copper, -magnesium and *zinc
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~

’

(17,18), and some require in addition such metals as moly-
bdenum, vanadium and n1¢ke1 (19,20, 21 22,23). A]]lof these
metals are involved ma1n1y in enzyme funct1ons, and they

R

required only in very low concentrations in the nutr1ent

~media (28). . -

Suffiéient]y elevated concentrations of any of the

metals result in toxic situations for the microorganisms

involved, This toxicity may manifest itse]f'in\variou5xwd&s;

I K

such as:-
“ a) Attered cell morphology (25,26,27)
b) Altered cell metabolism (28,29,30)
c) Bacteriostasis (30)

d) Lethality (30) T

The const1tuents of the cu]ture medla were ana]yzed

1nd1v1dua11y by the flame atom1c absorptlon technique. The'

'fo1lowing metals were invo]ved in these ana]ysesK: cadmium;

# > - - -. ' . o
‘lead, iron, copper, zinc, nickel, antimony, manganese,

chromium, bismuth, tin, vanadium, cobalt and molybdenum. A

sample of the deionized, p]aih—dfs@i]]ed water used by the

‘Biological Sciences group ih media preparation was also

analyzed for these metals. A1] samples were prepared for

atomic absorption analysis uging defonized, glass-distilled

water from a separate source) This latter water was also

used for zeroing ths\atomic absorption unit.

Y

s B v oy o aEaetl

PP T S NPT T
.
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The ca]ib;ation curves for each of the analytes are
shown in Figures 4.2 to 4.15. Linear regression ana]ysis
was applied to yield thg best straight Tine for the data

obtained and, in each case, the equation for the straight

Tine {s shown on the calibration curve. The results

s

obtained for the metal gontents.of the various,media

constituents are shown in Table 4.16,and these results are -

expressed in ppm.. The total data obtained cah be found in

Appendix C. ‘ .

The results of the various analyses indicated a high
tin content in the deionized, plain-distilled wéter used by
the Bio]ogicaf Sciences group. This e]eva%ed tin content

has now been attributed to tﬁe tin block condenser {;ed in

the still from which this water was prepared.

The cadmium, zjinc, tin and cobalt found in the media
cohstituents were probably contaminating materials in the

solid salts involved. The ca]gium, manganese and iron salts

~use¢'were, for example, all technical grade products and as

such capable of cohtaining a significant heavy metal contanm-.

inants content.

_The antimonygesults ob;ai.ned are of a doubtful nature,

. this being due largely to the age and lTack of reliable out- .

put of the antimony hollow cathode lamp used. The results
Were not repeated, using other analytical techniques, since
it was felt that the influence of antimony in the range

inqiﬁated was not critical (31). ' -

1
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', i Coefficient offéopé]ation (r)
= 0.9998
{' " Linear equation:- -
’ ) o 7
Conc. Cd (ppm) = Abs - 06001
. 0.209
- - — - ~—
*1.000 2.000

T . 'Concentratigh Cd (ppm)

FIGURE 4.2 Calibration Cdrve fot Cd -. Flame. Atomic

Absorption
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FIGURE 4.5 Calibration Curve for Cu - Flame Atomic Absorption
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0.100- : : 5
@ ‘ .
5 Coefficient of
L0
5 corelation (r)
[72]
= = 0.9998
0.0507 - ‘ Linear EQUation t-
: Abs -0.002°
Conc. Zn (ppm) =
S 0.168%
- 0.200 - ~0.600 1.000

Concentration Zn (ppm)

»

Figqre 4.6 Calibration Curve Zn - Flame Atomic Absorption
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“Concentration Ni (ppm)

Figure 4.7 Calibration Curve for Ni - Flame Atomic Absorptjon
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. Figure 4.9 Calibration Curve for Mn - Flame Atomic Absorption
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Figure‘4.15  Calibration Curve for Mo - Flame Atomic Absorption
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4.2 Results from the Application of Wet Methods of
' Chemical Analysis

L

‘Most instyumeptal methods of analysis, such as x-ray

f]dofescence spectrometry, atomic absorption\spectfophoto7

metry, emission, spectroscopy, etc. are aimed at the deter-

mination of elemental species. Methods, such as several

of the electrochemical techniques, are capable of molecular

63.

as well as elemental detection and deterhination. Many of

the classical wet chemical awalysis techniques are still the

prefe}red methods for the detection and determination'of

molecular species.

Gravimetric and titrimetric methods of analysis were

applied in determination of thiosulphate, -sulphate, elemental

iated materials, involved.

)

A summary of the results obtained are given in the

tables indicated below. The totality of data and supporti

v

1nformat1on can be found in Append1x B

a) Thios 1phate determfnatfons - Tables 4'7 - 4 15

b) Su]phate determ1nat1ons - Tab]es 4.16 - 4.24 .

1

\

¢) HCi- blank sulphur determ1nat1ons - Tables 4.25 -

4.33

d). Su]phur'dioxide,determinatioﬁs - Tables 4.34 -

4.35

In general,

the analyticaT data indicate that Rhodo-

‘sulphur and sulphur dioxide in the various media and assoc-

ng

pseudomonas go]daméirfi utilize thiosulphate in‘the culture



it
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media as the source of reducing power, converting the thio-

sulphate to sulphate by an overall oxidation of sulphur
according to:-

+
<2t . ge——,sb

This oxidative process may occur as a single sfep,

1

such as:-

S,05, + T10°0H” - B8e ——250, + 5 H,0

w i

2

or it may occur in a series of step-wise processes, with

some of the possibilities Being:—

- 26 ——5,0¢

w N

(m 25,0

S40g + 20 OH™ - lde ——5450, +. 10 H,0
(2) 25,03 - 2¢ ——5,0¢

. -

S306 * 12 OH" - Be —350, + 6 Hy0

The exact sequence of reactional steps was not deter-
1

mined in this project, but suggestions in this connection

are included in Section 5, "Suggestions for Future Work".

The chemical material balance works in conjunction
with the bacterial material balance. In the course of
carrying out the wet chemical analysis work, in particular,.

the sample of:medié must be made ac%d with hydrochloric acid

\

(11, 12). In the presence of thisiacid content, thiosulphate

U o
N =
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s/

a

,;disprggortionates\td su]phyr and sulphur dioxide according

: : .
to the reaction:-- - - s

—

!

. = J 0 = ’
5203 + 2HC) — 302 + S + 2C] + HZO -

-

so that, for al] of the sulphur and sulphur ‘dioxide involved,
these*compounds must be accounted for in order to determine

the overall materié}”ba]ance.

Partwéf Ehe Series !IX sample analysgé system, from'
Appendix B, will be used here as an example of the bacterial
and chemical material ba{ance;. Tables 4.36 and 4.37- _
respectively‘indicaté the bacterial material balance and
the chemical material ba]ance;~ Appendix B p%ovides further
data and details. It will be néted that the information '

obtained agrees with the expectations from the suggested

reactional steps. ‘ .

-

B
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/ - TABLE 4.37°

" CHEMICAL MATERIAL BALANCE -

[
1 \ g/ found . -
, ¢ .
Sample 5,08 so,  is® Ratio Found
.9 - 2.96 1.678 ‘ofﬁi\ 0.5001
c20 2.92 1.667. 0.82. .  0.4895
2] o- 2.93 . 1.670 0.83 . 0.4972
22 - 2.79 1.589 - 0.79  0.4958
.23 . ° 3.05 - 1.748 0.86 - 0.4897
24, 1.61 0,914  0.43 0.4728 .
.. (: ' ' |
c25 1.29 ©0.736. 0.37 ~ 0.5057
L |
26 - - 2.96. ' 1.685 .0.83.  0.4915
c27 L322 1.836  0.92 ' - 0.4990
. . ‘. ,
c28 2.38 1.357 0.68 0.4981
3 A
c29 R W 0.596 0.29 _  0.4929
30 1.55 10.887 0.44 - 0.4961
LD ] . K . !
PR .
.

e P T Fir e @ B < a2
3
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5.1 Conclusioﬁ;

/

determined by flame atomic absorption.

102.

v
- . J

(a) The differential pulse polarographic techniques and

methods used in this study were too,sensitive for the nature

(<4

of the medi'da. Thé upper detectiqﬂ{:imft for this technique

i . M

was well in excess of concentrations found in the media.

Dilution-of the test soTution would lead to errors so large

! °
v

that the results would not be va]id.\

-

(b) X-ray fluoresence techniques also failed to lead to any
valuable information on the total slphur concentration in the.
culture so1utipn. The pntreated samples were@turbid, leading
to diffraction of the analytical beaT, filtered samples.
suffered from losses of particulate sulphur containing 2
compounds. ' g

(c) The heavy metal concéntrations in the media due to
contamination in the reagents 'used in the preparation of the
culture solution were below a critical or lethal 1e§e1'a9

. ' _ %

(d) The general reaction occurring in the inocculated media
is the.conversion of thiosu]phate.té-sulphdte. The oxidation
of §u1phur occurs according to | , .

- \
*

$2+ . 4e 56+ (1)

‘The bacteria achieve an efficiency of 99,72 + 0.17% for‘the

%

conversion of thiosulphate to sulphate. This oxidation may

occur as a-single step reaction
§

25047 + 5Hp0  (2)

3

$p03% + 10 OH~ =« 8e

f S

EN

\’Lﬁl:,

e
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~ e

or it may proceed as a series of reactions leading to

!squhatg as the end product, such as

< > ¢
= Ao =
125,05 - 2e—35,0,
© TS0 %720 O - 14e—3450, + 10 Hy0 .(3} ~
N - | ‘
. 2805 - 2e— 8,04 - ~ :
4-54‘965 >S50+ 3306 B
\ 5306\ + 12 047 - Be——33S0, 4 6H0 (4)

‘The:net react;Bnumay proceed by all of the abbve.examples
simultaneously or in some sequence of .the above scheme,
whereby one reaction will proceed to 5 given équilib;ium and
another'réaction will take\Byer yie]ding the same end product
with different intermediates. The above mentioned reactions
‘are in no way conc]usive-qndoare oqu stated as possibi]ities.'-

L4
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5.2 SUGGESTIONS FOR FURTHER HORK, .

é‘ ' = ) ' ) 2

s

vt

Ba'sed on the conclusion previously described, the
o , s i . :
following suggestions are submitted as a possible guideline

for further studies réﬁatéd to thissproject.

-~

\ —1—The/ipcubation period should be terminated
immediateay following the cessatiop bf\bactekia1 growth.
Th%s vould aid in the determination of the thiosulphate
oxidation end-product(s) in the short time: ’

-2-A series of experiments should be set up
whereby thé incubatfdn period of the culture Qou]d be
interrupted sequenf%a]]y. This should take place over both

the long and short term.* In this manner, any intermediate

product(s) of the thiosulphate oxidation during.different

phases of.BacperfaT growth could be monitored and subsequent-

ly determined:

~3-The culture m%dia shoqu‘be prepared by sub-

stituting reduced sulphur-containing compounds other than
¥

the efficiency of the bacteria ho

-

thiosulphate to determine

’

. A . 2,

utilize these compounds. Elemental sulphur .and sulphur
' «

dioxide could both be used as a source of reduced sulphur,

in such an experiment. The intermediate and |end-product(s)

of these oxidatidnhs could also be resolved via suggéstions

k-]

~
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\

. - L4
-4-Further studies should

be made 6n media prepared "

<

i .¢ontaining elemental sulphur in particular, since it has been

[ 0

i oﬁserved that the bacterial induce , the 2lemental su]phur'to A
. Ondergq a change whereby the sulphur no 1oﬁger floats on the '

surface of the aqueous media, but settles at the bottom OIJ

he vessel. A'study of the change of the physical property(s)

‘

urther: - h ‘ ' _— ’ o
q ~

. |

jf elemental sulphur due,to the bacteria should be pursued

-5-A complete biochemical survey should be

"~

conducted- to defermine and'further study t#e enzymes present

. -.g‘t\
-in Rhodopseudomonas Goldameirii.

. . M Vi
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-TABLE Al

S - 110.

rmenm_— SO R TR T T R T Ly o -
2

) »
/ ’ Made: June 2/80°
; _
] ' Harvested: June 18/80
SAMPLE- # INITIAL Al JNITIAL A2
L ,
REAGENT g/L g/L
Na,5,05.5H,0 . 16.0873 16.0043 u
. -
as $,03 7.5901 . 7.5510
NaHCO, 10.00 “ 10.00
KyHPO, i 2.0000 1.9998
" as PO, ' 1.0905 1.0904
NaC1 10.00 10.00
MgS0,. 7H,0 0.5047 0.5018
as 504' 0.1967 0.1956
as Mg 0.0498 0.0495
NH,C1 a 1.0009 p 1.0000
Na,M00,.2H,0 - 0.0001 0.0001
caCl, 0.0020 ~0.0020
N « :
Mnc12' 0.00012 " 0.00012
FeS0,.7H,0 0.0050 0.0050
 as soﬁ‘ 0.0017 0.0017 .
_total S0 0.1984 10.1973
{
1 ) ~
: )
. ]
1 \




TABLE A2
Made: 'June‘2/80

Hhrvested: bune 18/80
SAMPLE # CONTROL B1 CONTROL B2
REAGENT : a/L a/L
~NapS,05.5H,0 16.0036 16.0048
as 3,04 7.5506 7.5512
NaHCO 10.00 10.00
KoHPO, 1.9992 . 2.0093
as FO; 1.0900 1.0956 -
NaC1 , 10.00 10.00
Mgso4£7H20 0.5000 10.8000
as 505" 0.1949 0.1949 -
as Mg '0.0493 0.0493 -
NH,C1 1.0000 . 1.0000
N32M504.2H20 0.0001 | \ 0.0001
caCl, 0.0020 0.0020
MnC1, 0.00012 0.00012
FeS0,.7H,0 0.0050 0.0050"
as 5057 ¢ 0.0017 10.0017-
total S0Z" 0.1966 10.1966

L)

111.




TABLE A3

Made:

112.

June 2/80

Harvested: une 18/80
EXDERIMENTAL C2

.r‘

SAMPLE # eXPERIMENTAL C1
REAGENT /L g/l
Nazszoa.snzo' 16.0076 15.quf{
as $,05° 7.5525, 7.5499.
NaHCo, 110.00 110.00
K,HPO, y z.oopp‘*/ 2.0021
as P0OS" - 1.0905 1.0916
NaC1 ' 10.00" 10:00
MgS0,.7H,0 > .0.5015 0.5011
as 502~ 0.1954 0.1953
as Mg~ - 0.0495 L 0;0451\
NH,C1 .. 1.0000 1.0000
NazM004?2H20 : 0.0007 0.0001
cacl, - 0.0020 0.0020
MnC1, 0.00012 0.00012
Fes0,.7H,0 0.0050 . 0.0050
as 5057 0.0017 ~ 0.0017
total S05” 0.1962 0.1970



< v " '
: T 3.
ﬂg.ﬁ!’ . 1]
" TABLE A4 | |
ﬁ | : ~ oo #
,j ’ : ‘e '_ )
: Co. Made: June 12/80
- C . “Harvestved:. July 2/80
. SAMPLE # . INITIAL A3 = INITIAL A4
v REAGENT g - L g/L
NapSp03-5Hp0  -° . 16.0033 16.2331
as $,05" | 7.5505 .. .7.6589
NaHCO, . . . 10.00 10000
K, HPO . .- .2.0000 , ' 2.0057
2P0y . %? -
as P03 T . -~ 9.0905 - 1.0936
NaCl = . | A 10.00 ) 10.00
MgS0,.7H,0 . ' 0.4995 © 0.5056
as $05 . 01947 0.0970 .
as Mg°* .- 0.0893 . 0-0499
NH,C1 - 1.00 1.00
’ o - '
Na,Mo0,.2H,0 . 0.0001 . 0.0001
CaCl, . 0.0020 ". . | 0.0020°
) . ) —_ '
MaCl, | 0.00012 . 0.00012 -
FeS0,.7H,0 -~ 0.0050 : " 0.0050
1/ . ' ' ‘ .,
as S04° | 0.0017 - 0.0017
total 502~ 0.1964 | ©0.1987
., D
<\ a
o v “' -~
- 4

et i stk
. I




TAB

4.

LE A5 .
“ '?' ' Made: June 12/80,
_Ha.rve’s‘ted‘: July 2/"80
SAMPLE # CONTROL B3 ~ CONTROL B4 .
. REAGENT | Y/ g/L
Na,S,05.5H,0 16.0064 16.0063
as §,02° 7.5520 .. 7.5519
NaHCO0,> " 10.00 10.00
K, HPO, 2,0000 2.0019
as P03 ~ . 1.0905 1.0915
NaC1 . 10,00 ’ 10.00 B
AMgSO4;7H20 0.4995 0.5056. i
as $02° 0.1947 0.1970
“as Mg2Y 0.0493 0.0499
NH,C1 ; 1.00 1.00
Na,Mo0,.2H,0 - 0.0001 - 0.0001
caCl, - 0,0020 0.0020 .
_MncC1, “0.00012 " 0.00012
FeS0,.7H,0 , 0.0050 ".0.0050
as 5057 ' 0,007 ~ " 0.0017
totd1 s027 Q 01968 0.1987
. .
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115.
TABLE A6
i \  Made: June 12/80
‘ Harvested: July 2/80%
SAMPLE # | EXPERIMENTAL €3 EXPERIMENTAL C4
" REAGENT ] g/l - a/L )
‘qu2§203.5H26 - -16.0100 | "~ 16.0000
as ;050 . 7.8537 | 7.5489
oo MaHoog . 10,00 | 10.00
_ KpHPO, . 1.9995 2.0000
as POy ©1.0902 . . 1.0905
. N T o o0 % 000
MgS0,.7H,0 1 . 0.5002 U o503 /
| as S04 S 0989 7 0.1961
- as Mg?t © 70,0893 ,-7' ‘ 0.0496
S B O 1.00
" NayMo0,.7H,0 - . 0.0001 - +0.000)
cacl, 0.0020 0.0020
MnCl, - 0.00012 Q:00012
FeS0,.7H,0 0.0050 ~* 0.0050
_ . as 508 \ 0.0017 0.0017
L total 5027 0.1966 - 0.1978
4 b

SR U S

e e b et e




116.
K . TABLE A7 _
S - . ~Made: June 16780
B . ' Harjvle.stédr Juiy 7/80
SAMPLE # INITIAL A5  INITIAL A6
REAGENT o gLt T gL
_Nazszoé.snéo' ‘ - 16.0366 y§.014o
as 5,057, 7.5662 7..5555
NaHCO, - . . 10.00 10.00
kznpo4 , 2.0030 - 2.0025
as pod S 10921 - 1.0918
NaC1 o 1000 - . .10.00 -
. MgS0,.7H,0 . 0.4997 | i. . 0.5028
“as S0% , 7 0.1947 . S 0.1947
as Mgt 0.0493 ' 0.0496
| NH,C1 1.00 ' .. 1.00,
\‘Nézybo4.éazo' - o.0000 ~ 0.0001
- CaCl, | £0.0020 C 0.0020
et . 10.00012 .7 " 0L00012
| Fes0,.7Hy0 0.0050 S "o.oqso
C s sod 0.0017 . .0.0017
total 503" . 0.1968 o '0.1977
- &

7

e

s
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' TABLE A8
Made: ‘June 16/80
| _ Harvested: July 7/80
" SAMPLE # o . ° CONTROL B5- ' CONTROL B§
" REAGENT g/L g/L
, : N
Na,$ 05 5H,0 16.0113 15.9985 -
as 5,057 7.5543 7.5482
NaHGo, 10,00 - ©10.00
K,HPO, ©2.0031 1 2.0047°
as POS" ' 1.0922 1.0955 -
. ¢ ¥ . -
NaCl 10.00. 10.00
MgS0,.7H,0 0.4988 . 10.5017
as $02° 0.1944" 0.1955
as MgZt 0.0492 0.0495
NH,C1 1.00° 1.00
‘ v * . i v '
Na;M00 4 2H,0 0.0001 . 10,0001
caCl, 0.0020 N 10.0020
MaCl, 0.00012 . 0.00012
"FeS0,.7H,0 ~ 0.0050 0.0050
as S0%° ‘\\ *. 0.h017 0.0017
" total s0%° ° 0.1961 01972
4 “ ’ . ‘
¢/
. _ .
‘.

o

i <A




TABLE A9 °

118.

Made: June 16/80
Harvested: July 7/80

4

SAMPLE 4 EXPERIMENTAL C5  EXPERIMENTAL C6
_REAGENT g/t T g/t ‘
 NapS,05.5H,0 - " 16.0254 , 15.9986
as 5,057 7.5609 « 7.5083
NaHCO 10.00 . 10.00
K,HPO, 2.0025 2.0083 -~
 as @0y ;01,0918 ©1.0950
. NaGl 10.00 10.00
MgS0,,. 7H,0 "~ 0.5064 0.4995
‘as. 502" 0.1974 ' 0.1947
“as Mg?? 0.0499 0.0495
-~ NH,C1 . 1.00 100
Na,M00,.2H,0 0.0001 0.0001
cael, 0.0020 ’ 0.0020
MnC1, 0.00012 " 0.00012 -
FeSQ, . 7H,00 - 0..0050 ' 0.0050
as’sod 0.0017 I 0.0017
total S05 10.1991 / 0.1964




119,
TABLE' A0 - |
( ' ‘ Made: June 26/80 - R
' Harvested: July 7/80 ]
SAMPLE # INITIAL A7 INITIAL A8
REAGENT g/L ' . g/L
Na,$,04.5H,0 16.0124 16.0072 : ¥
2. . . i
as $,03 7.5548 _7.5523 ,
NaHCO, 10.00 I 10.00 . :
K, HPO, 2.0009 - 2 40030 "
as P03 ’ 1.0915 - . ©1.0921
NaCl g ) 10.00 . 10.00 °
MgS0,.7H,0 " 0.5004 0.4998 - 3
as S0~ T 0.1950 . 0.1949 _ Lo
. J I i
as Mg®* ©0.0494 0.0493 ‘
NH, C1 /, 100 . 1.00
 NagMo0, . 2H,0 s 0.0000 -~ . © " 0.000
CaCl,’ ©0.0020 : 0.0020
MnCl, ©0.00012 - 0.00012
R |
Fes0, . 7H,0 0.0050 ) 0.0050
as 505 0.0017 0.0017
 total S057 0.1967 '0.1965
‘ ] )




R -
\ ’ TABLE A17
! " / Made: June 26/80
. ‘ Harvested: July 7/80
SAMPLE # . CONTROL B7 CONTROL B8
REAGENT = g/L . : a/L
Nay$,03. 5Hy0 . 15.9863 16.0003
ass, 05 | : 7.5425 | ,7.5491
NaHCO, - 10,00 10.00
KoHPO, “ 2.0000 | 2:0057
as P0O;” . 1.0905 T 1.0936-
NaCl . 10.00 . 10.00
MgS0,.7H,0 0.4999 | ' 0.5016
“as s0&7 0.1948° 0.1955
as Mg?t, ., 0.0493 ., 0.0495
NH,C1 ‘ R 1.00 1.00
Na,Mo0, . 7H,0 - 0.0001 ' 0.0001
CaCl, - 0.0020 .  0.0020
MnC1, ° o 0.0001-2 .0.00012
FesS0,.7H,0 _ 0.0050 - 0.0050
as S0%° | '0.0017 . 0.0017
total s05~ 0.1965 " 0.1972
N |
. K
¢ L. / '
9 -«
()
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9 _ o |
TABLE Al2 - o
\ - , o SR
/ Made: June 26/80 ;
. _Harvested: July 7/80 :
i \.\\‘\\\ .
SAMPLE # EXPERIMENTAL C7 EXPERIMENTAL C8
REAGENT g/L " . g/L i
{
\ . ' '
Na,S 0% 5H,0 16.0045 16.0020
as S, 02— 7.5511 7.5499
//"2,03/ ¢ N . *
NaHCO, 10.00 . ©10.00
K,HPO, . 2.0071 1.9997. |
as PO, 1.0944 1.0903 |
NaCl 10.00 10.00 .
MgS0, . 7H,0 *0.5002 0.5026 |
as SO%” 0.1949 0.1959
as Mg%' 0.0493 ., 0.0496 :
NH,CT 1.0 - 1.00 . .
Na,M00,.2H,0 0.0001 ' 0.0001 . .
caC1, 0.0020 | 0.0020 -
MnC1, " 0.00012 0.00012
FeS0,.7H,0 ~0.0050 '0.0050
as SO5” * 0.0017 " 0.0017
total 02 0.1966 | ' 0.1976 !
)




- ——— ——SAMPLE _#

————ny

TABLE A13

“SNINITIAL A9

N

122.

Made: July 7/80

Harvested: July 31/80

[

INITIAL A10

REAGENT - . g/L o /L
Nay$,0 5. 5H,0 16.0233 15.9973
2- *
as 5,057 7.5599 7.5477
NGHCO 4 © 10.00 10.00°
K,HPO, 2.0003 2.0009
as P0;" 1.0921 1.0910
NaC1 10.00 10.00
. ' !
MgS0,. 7H,0 ©*“0. 5005 0.5075
as $02° 0.4951 0.1978
as Mgt 0.0494, 0.0501
NH,C1 1.00 1.00
Na,Mo0 , < 2H,0 0.000] 0.0001 N
cacl, 0. 0020 0.0020
MnC1, 0.00012 0.00012 .
FeS0,. 7HaP 0.0050 10,0050
as $057 < '0.0017 ‘ 0.0017
total 057 0.1968 0.1995
o 1
<&
‘ ' L]
[ )]
‘ [
: .
\ N
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. 123,
" TABLE A14. |
- ‘ Made: July 7/80
SAMPLE # - 'CONTROL B9’ CONTROL B10
REAGENT - g/L g/L °
NayS'y05. 5H:,0 ' 16.0032 16,0156
as 5,050 7 7.5504 . 7.5563
NaHCO, 10.00 10.00
KZHP0; S+ 2.0017 2.0028
“as POS 1.0906 — o .1.0920
NaCl ‘ 10.00 10.00-
Mgso4[7H20 0.5008 0.5010
Cas solt 0.1952 on19§3
as-Mg?* 0.0494 p 0.0494
NH,C1 ) .~ 1.00 1.00
Na,yMo0,.2H,0 . : 0.0001 ;‘ 0.0001
cacl, 0.0020. /: . 0.0020
MnC1, ‘ 0.00012 0.00012
FesS0,.7H,0 | 0.0050 \ 0.0050.
cas s0fT 0:0017 0.0017
total 502~ 0.1969

1




- 124.
TABLE A15
Made: July 7/80
Ha‘r,vested:p July 3;]/80
SAN:PLE g EXPERIMENTAL €9 EXPERINENTAL c10
~ . REAGENT , g/l v
NayS ,0,.5H,0 ‘ © 16,0025 16.0213
as $,0%° | 7.5501 - 7.5590
NaHC O ' 10,00 10.00
) K,HPO, o 19988 . - 2.0096
as POST. . | 1.0898 T 1.0957
NaC1 . - . 10.00 ©10.00
MgSO, . 7H,0 00.5004 0.5039
as S02° ’ | 0.1950 0.1964
as Mg2t 0.0494 0.0497
' NHyC1 ‘ o 1.00 1.00
C Na,Mo0,.20,0  ® 0.0001 ~0.0001
o . tacl, ( 0.0020 0.0020
MnC1, 0.00012, 0.00012
FeS0, . 7HO < "0.0050 0.0050,
_ as S02° | 0.0017 " 0.0017
tot‘:_al‘ 505 0.1987 0.1981
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TABL

E Al6

125.

Made: July 31/80
Harvésted : Sept. 5/_86 ’

SAMPLE # INITIAL AT1 .

REAGENT g/L

' )

Na S04 5H,0 16.0023

f 2_ N .,

as 5,02 7.5500

NaHCO, 10.00

KoHPO, 2.0004

as POS” 1.0907 - !

NaC1l 10.00 ) :
_ MgS0,.7H,0 0.499] ‘\}’
as S0%- 0.1945

as Mg2t 0.0492 .
NH,C z 1.00 i
Na,Mo0, . 2H,0 0.0001 -

cacl, 0.0020 -

MnC1, 0.00012

‘FesS0,.7H,0 0.0050

as S057 0.0017

total 502~ 0.1962
( |

.g -
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TABLE: A17
R : Made: July 31/80
\“ Harvested: Sepf:. 5/80
SAMPLE # . EXPERIMENTAL C11 EXPERIMENTAL C12
REAGENT | /L /L
Na,S5,05. 5H,0 ~ 16.0023 16,0013
as 5,05" 7.5500 7.5495
NaHCO3 , 10.00 10,00 .
K HPO, - 2.0004 2.0020
as pO3T 1.0907 "1.0916
NaC1' - 10.00 10.00 .
MgS0,.7H,0 . 0.5012 .- 0.5001
. 2_ Y " : L 4 ° Y
as SO ' 0.1953 ' 0.1949 ,
as Mg?t . 0.0494 0.0493 S z
NH,C1 - 1,00 - 1,00 .
. \
NazMopq.?HZO'ﬁ oﬂoool ~,o.ooo$\\\
cacl, . 0.0020 0.0020 >
MnCl, 0.00012 0.00012
Feso,.7H,0 - 0.0050 0.0050 -
as $02° C 0.0017 0.0017
total 505~ 0.1970 0.1966
. °, d ! ’
b l\u.l - , ‘3
a o ~ B -
° e
o »
- a - " ,
’ !



" +
q ‘ 127.
) *TABLE A18 , A
Made: ~July 31/80
' Harvested:' Sept. 5/80 -
-~ . L E
SAMPLE # " EXPERIMENTAL C13  ° EXPERIMENTAL C14.
-~ \ ¢ -
REAGENT .g/L < g/l
Na,S,0,. 5H,0 » f6.0034 116.0110
as §,0%" . 7.5505 7.554] )
203 o 1S .
NaHCO, “ 10.00 10.00
KgHPO, 2.0016 . . ~2.0002
as POS" L 1.0914 "1.0906
' S Lo | ‘
NaC1 ‘ | 10.00 . 10.00 *
> ' T
Mgs0,. TH,0 o 0.5109 0.5005.
as s02- 0.1991 0.1951. '
as Mg?t o . 0.0504 - . 0.0494.
NH, C1 | _1.00 1.00
" . - ! '
Napho0,. 2H,0 - - o.0001 - 0.0901
CaCl ,' 0.0Q20 - 0.0020
2.y : % ) 3
MnCl, .- '~ .- -0.00012 : 0.00012-
FeS0,.7H,0 . 0.0050 0.0050
as.'s03" .. 0.0017 0.0017
“total $02" © o T0.2008 Y. 0.1968
- . R . o
L] a

-



{

TABLE A19

Made:

’ Harvestéd:

-

CINITIAL Al2,

S Sept. 5480

128,

Sept. 16/80

total s0f”
tal

&

SAMPLE # INITIAL A13
REAGENT , g/L g/L
Na,$,0.5H,0 16.0009 . 16,0009
as szog‘ '7.5494 \m 7.5494
% . . -
NaHCO, 1000 : 10:00
K, HPO, 1.0004 1.0008
as PO, . t 0.5455 0.5455
NaC1 10.00- , 10.00
© MgS0,.7H,0 0.5012 <. 0.5012
as S0%° 0.1953 0.1953
as Mg%* 0,0494 0.0494
NHg C1 - 1.00 , 1.00
Na pMo0; . 2H0 0.0001 0.0001. *
caCl, ©0.0020 0.0020
MnC1, 0.00012 . “0.00012
FeSOa.7HéO 0.0050 ¢\ 0.0050
“as 305 0.0017 0.0017
'0.1970 - 0.1970.




o e e s A

. 129, —
"+ TABLE A20 ,
Y . , Made: Sept 5/807"
i ( | Harvested: Sept 16/80
| SAMPLE # CONTRQL B11 CONTROL B12
REAGENT g/L 9/L
NapS$p03.5H,0 16.0000 16.0000
as 5,02 7o 7.5489 7.5489
. NaHCo, 10.00 10.00
‘w - ,
K HPO 4 -1.0003 1.0003.
as POS" © 0.5454 0.5454
NaC1 , . 10.00 - '10.00)
Mgs0, . 7H,0 ‘ 50.5009 £ 0.5009
~as 505° 0.1952°  0.1952
as Mglt 0.0494 0.0494
L NH,C1 1.00 1,00 o
Na,M00,.2H,0 - 0..0001 0.0001
cacl, | 0.0020 0.0020
MnC1, - ~0.00012 0.000i2 «
| FeS0,. 7H,0 . 0.0050 0.0050
' . v
as 05 £ 0.0017 £0.0017
© . total S0 0.1969 ' 0.1969

e e £ s eamare e e W~ $om AR ety Nt o e
- . ” .

.
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TABLE A21
N , , |
Made: Sept. 5/80
\ * Harvested: Sept. 16/80 .
SAMPLE # . EXPERIMENTAL C15 EXPERIMENTAL C16
REAGENT N " g/L ) , a/L
NapS,03.5H,0 16..0000 - 16.0000
as 5,057 ' © 7.5889 . 7.5489
*NaHCQy . 10.00 ° 10.00
K HPO, © 1.0003 , 1.0003 1t
as PO 0.5454 | 0.5454
NaCl - 10.00 - < '10.00
MgS0,.7H,0 ’ . 0.5009 _ 0.5009.
4 2 \)
as S0~ , © 0.1952 - . 0.1952
as Mg?+‘f 0.0494 0.0494
NHg01 7 ' 1.00 : .1.00
Na,Mo0,.2H,0 0.000%7 ~ 0.0001
cacl, 0.0020 t 0.0020 -
MnC1, 10.00012 ©0.00012
FeS0,.7H,0 0.0050 L 0.0050
as S0 0.0017 ! 0.0017 -
total $02 0.1969 | ©0.1969



3

\J

/
. TABLE A22

PN
4

Made: Sept. 22/80

SRR

Harvested: Oct. 3/80 .
SAMPLE # INITIAL A14 * .- INITIAL Al5
REAGENT g/l ' gL o
NapS 505, 5Hp0 16.0022 16.0022
as 5,057 7.5500 7.5500
NaHCo, | 10.00 10700
KZHPO4/ 2.0018 - 2.0018
as POS" 1.0015. T 1.o?1f
NaC “10.000 . 10.00
Méso4.7nzo - 0.5016 0.5016
as S02- 01955 7 0.1955
as MgZt $.0495 L 0.0495
NH,C1 .00 | 1:ooi
Na,M00,. 2H,0 0.0001 £0.0001
caCl, 00020 - 0.0020
MnCT1, 1000012 0.00012
Fes0,.7H,0 0,0050 . 0.0050
‘as 02" 0.0017 0.0017
total 505 0.1972° d.1972"
T VAR
\ ,
‘e N

.
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b e e
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TABLE A23 . o

Made: Sept. 22/80

TR —
’
hY
o

, Harvested: Oct. 3/80

x ’ e ) '
4 .
3 - ' - N ' .
N ) . . N
®
- _‘ .

SAMPLE # CONTROL B13 " CONTROL, B14
REAGENT  © ¢ g/l . /L
,
Nap$05.5H,0 © 16.0035 C o geo0st
as 5,05 . 7.5506 7.5506 .
, NaHCO, 10.00 10.00.
ot ‘ ‘ ‘ ‘ i}
K,HPO, . 2.0004 . - . 2.0004
A - . 3. . . .
: as POy . 1.0907 1.0907 ~(
: NaCl o 10.00 10.00 .
£ , o ' ‘ - . . - L3 ,
| " MgS0,.7H,0 . 0.5006 .~ 0.5006
as S02° 0.195] 0.1951
as Mg”? 0.0494 " 0.0494
NH G 1 1.00 1.00
Na,M00, . 2H,0 0.0001 ©0.0001 - .
CaCl, 0.0020 0.0020
5 MnC1, 0.00012 0.00012
“ FeS0, . 7Hy0 | 0.0050 0.0050
as 5027 ©0.0017 0.0017 ‘
’ 4
total Soi~ 0.1968 0.1968 d
. Y,
. I
g | /' .
/ ' )
b ] { //




 SAMPLE #

TABLE A24

I

4

133.

‘Madg: Sept. 22/80
Harvested: Oct. 3/80

EXPERIMENTAL C17 » ' EXPERIMENTAL C18

REAGENT * . g/L | gL |
© NayS,04. 5H,0 16.0035 16.0035

as 5,05 7.5506 7.5506

NaHCO, 10.00 10.00

K,HPO,, 1 2.0004 2,0004

as POST . 1.0904 1.0904

NaCl 10.00 . 10.00

MgS0,.7H,0 0.5006 0.5006

as $02° 0.1951 £ 0.1951

as Mgt 00494 10.0494

NH,C1 1.00 1.00

Naéﬁqo4.2uzd 0.0001 0.0001

cacl, 0.0020 0.0020
 MnC1, 0.00012 . 0.00012
Fes0,.7H,0 0.0050 0.0050

as 502" 0.0017 10.0017

total S02° 0.1968 0.1968

' < |

o e b~




- ; ) : N . . :
B TABLE A25 | 134
e - ' 1

| . Made: Nov. 7/80
! ' . - : Harvested: Dedg. 5/80
| 0 : : ‘
SAMPLE # © INITIAL A16 INITIAL A17
Vi REAGENT o g/L ot gL
4Naé5203.5H20v~‘ 16.0006  16.0006
as 5,04 7.5492 7.5492
] Nahcoy LA | 10.00

§ K?HPog .. zooo3 | 2.0003

: as POY" ' . 1.0906 » 1.0906
NaCl . 10.00 10.00
MgS0,. 7H,0 0.5002 0.5002
as S05 0.1949 0.1949
as Mgt 0.0493 0.0493-

NH,C1 1.00 ' 1.00 7
| Na,Mo0,.2HE0 0.0001 - 0.0001
‘caCl,". | -~ 070020 . ©0.0020

MnC1, . ' ' 0.00012 0.00012 , -
Fes0,.7H,0 0.0050 . 0.0050
as 502" | 0.0017 ° 0.0017
total S05- 0.1966 , © 0.1966

: s ,
[
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* TABLE AZ6 I

—_— Made: Nov..7/80 -
5/80

»

Harvested: Dec.

SAMPLE 4 CONTROL B15 CONTROL 816
REAGENT g/L g/L
NayS,0,4.5H,0 16.0006 : 35.0006 q
as §,05° 7.5492 © 7.5492
NaHCO 10.00 10.00
K HPO, 2.0003 2.0003
as P03 " 1.0906 1.0906
NaCl 10.00 10.00
MgS50,.7H.,0 0.5002 0.5002
as S0 + 0.1949 0.1949
as Mg2* 10,0493 0.0493
NH,C1 1.00 / 1.00
Na,Mo0, . 2H,0 0.0001 0.0001
cacl, . 0.0020 ©0.0020
MnCT, 0.00012 0.00012
FeS0,. 7H,0 0.0050 0.0050
as 505 .0.0017 | 0.0017

* total So2~ - 0.1966, 0.1966

" Yowe




TABLE A27

-
-

EXPERIMENTAL C19

. .Harvested:

Nov.

Dec.

EXPERIMENTAL C20

136.

7/80
5/80

N

0.1966

SAMPLE # -

REAGENT g/L a/L
NayS0;.5H,0 ‘ ]6.0608, 16.0008

as $,05” 7.5493 7.5493
NaHCO, 10.00 10.00

K HPO, 2.0007 2.0007

as P03" 1.0908 1.0908
NaC1 Y 10.00 10.00 - _f
MgS0,. 7H,0 . 0.5002 © 0.5002

as S0%- 0.1949 0.1949

as Mg?* 0.0493 0.0493
NH,C 1.00 - 1.00
Na,Mo0,, . 2H,0 - 0.0001 0.0001
caCl, 0.0020 0.0020
MnC1, 10.00012 0.00012
Fes0,.7H,0 0.0050 0.0050

as 505~ 0.0017 0.0017
total S0%° 0.1966

——a




TABLE A28

-+ 137.

Made: Nov. 7/80

Harvested: Dec. 5/80

t

total (SO,

.1966

& + .
SAMPLE # EXPERIMENTAL €21 EXPERIMENTAL C22
REAGENT g/L g/L
Na,S$,0,. 5H,,0 16.0008 16.0008
as $,05" 7.5493 7.5493

Natico, 10.00" 10.00
K,HPO, 2.0007 2.0007
as POS” - 1.0908 1.0908
- NaCl 10.00 10.00 .
MgS0,.7H 0 0.5002 0.5002
\as 05" 0.1949 0.1949
. as Mg?? R 0.0493 0.0493
© NH,C | 1.00 " " 1.00
Na,Mo0, . 2H,0 0.0001 0.0001
cacl, 0.0020 . 0.0020
MnCT, 0.00012 0.00012
Fe504.7Hi0 0.0050 0.0050
as S05” 0.0017 0.0017
2=~ 0 0.1966




s . .
s v “

138.

TABLE A29 o .
. B T Made: Nov. 7/80
: " N . . Harvested: Dec. 5‘/80
E : t | ' ST
| SAMPLE. # EXPERIMENTAL C23 EXPERIMENTAL C24
| © REAGENT. - ’ ' g/L S g
f NayS,05.5H,0 ) ' 16.0014  16.0014
as 5,05 . 7.5496 - - " 7.5496
NaHCO5 = ; 10.00 ’ '10.00
| K,HPO, | 1.9999 ©1.9999
as POS” 1.0904 | 1.0904
NaC1 - , 10.00 10.00
‘ MgS0,. 7H,0 : 0.4998 0.4998
© s S05° 0.1948 0.1948
, as MgZ* 1 5'>° 0.0493 0.0493
oMo - 00 L 1.00
f Na,M00 4 . 2H,0 - 0.0001 0.0001
v - CaCl, « o\ ., 0.0020 0.0020
' MnC1,. : "+ 0.00012 0.00012
FeS0, . 7H,0 | 0.0050 . 0.0050
as $02° ;o 0.0017 . ~ 0.0017
total 505" y 0.1965 " 0.1965
! 2N

\




TABLE A30 \ ¢

\- 139.

-l
|Made: Nov. 7/80
Harvésted: Dec. 5/80 °

SAMPLE # EXPERIMENTAL €25 EXPERIMENTAL C26
REAGENT gL g/L 2
. ¢
Na,5,0,. 5H,0 16.0014 . 16.0014
as 5202‘ 7.5496 7.5496
/NaHC03 10.00 10.00
4
| K HPO, 1.9999 1.9999
as Pdﬁ’ 1.0904 ' 1.0904
NaC] 10.00 " 10.00
MgS0,.7H,0 0.4998 0.4998
_as §05° 0.1948 0.1948
as Mg?* | 0.0493 0.0493
NH,C1 1.00 1.00
Na,Mo0, . 2H,0 0.0001 : \ 0.0001
cacl, '0.0020 . 0.0020
MnC1, ‘"4 0.00012 0.00012
Fe$0,.7H,0 0.0050 n 0.0050
- N B .
as soﬁ' 0.0017 . 0.0017
total S05 0.1965 0.1965
{
///_ !




LY of L v ’
‘ ' : : - , S .
. TABLE A31.
5 - j " Made: Nov 7/80
"“ t Harvested: Dec. 5/80
SAMPLE # ° ° EXPERIMENTAL C27 , - EXPERIMENTAL C28
REAGENT . /L © g/L
W , ’ . - ‘ i )
i « . Na,S,04.5H,0 ~ 16.0004 16.0004 "
_as 5,08% 7.5491 T 7.549
h NaHCO, -~ 10.00 - . 10.00
KpHPO, 1.9999 - ~1.9999
as PO;" . 1.0904 - - 1.0904
NaC1 | 10.00 ~10.00
MgS0,. 7H,0 - %0.5003 0.5003
‘ . t \
. as S05° . _0.1950 ' 0.1950
as Mgt 0.0493 0.0493
RS 1 I 1.00 ) 1.00
NazMoO, . 2H,,0 ~0.0001 0.0001
_ . caCl, " 0.8020 . 0.0020
- MnCl, s - 0.00012 6.00012
‘ FeS0,.7H,0 ~.0.0050 0.0050
. 4 2 * . -~
“as s0%° o 0.0017 10.0017
0.1967

total 505" . .0.1967
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» . e ' o ' , ) .
) : TABLE A32
‘ , ’ ) Made: Nov.. 7/80
< . E : . '
‘- 2 - Harvested: Dec, 5/80
¢ ) 1 " v * - N -
, ,SAMPLE # ' _EXPERIMENTAL C29  'EXPERIMENTAL C30  °
f s . REAGENT | g/L /L
I ¥ . . =
‘/,’ . ‘ [y . a )
| 3 : : ‘
J NayS,04.5H,0 . 16.0004 . 16.0004 )
\ as S,057 . r.aml 7.5491 p
G | NakCo, S oo, . 000
| KpHRO, 19999 L 19999
as POy~ ' 1.0904 © v - 1.0904
_ NaCl - 10,00 . 10.00
5 MgS0,.7Hy 0.5003 - 0.5003
as’ $05° 0.1950 - " 0.1950
as Mgt | 0.0493 ', 0.0493
NH,C1 1.00 ' 1.00 )
Na Mo0, - 28,0 0.0001 > 0.0001
call, 0.0020 . 0.0020
MnC1, 0.00012 0.00012
— (, | |
A Fes0,.7H,0 0.0050 . - °0.0050 -
as $0%° 0.0017 - " 0.0017 )
f > Q, ‘ .
\, total s0%" V”’/\\\ 0.1967. - 0.1967
] K i“ . ) ) ,{ v
? , e
‘+ ¥ L » ¢ \
- r‘ '
\. ! l
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-Pregaration and standardization of 13- solution. (r

5

Preparation of I,_ (0.07° M or 4.15 N)

Weigh about 12.7g of iodine/and 40.0g of potassiup .
iodide. -- Dissolve in 400 ml of wster and dilute to approxi-

mately 1 liter.

-~

‘C§tandardizatidn of 1

!

3-
Dry about 1g¢ of A5203 at 1]D°C for one hour. Weigh out

0.20 + 0.01g portions.af A5203.',Dissg1Ve in 10 m1 of 1M

-NaOH, dilute to 75 m1 with water. Add 2 drops of 1% phenol-

b . i
phthalein. Add 1:1 HC1 dropwise until the pink colour

disappears, add about 1 ml in excess. ,.' : :

Carefu1]ycadd NaHCO3 in sma]llpontidns until effgrve-

scences ceases. Add about 3g in excess. Y

. . -

Add 2 m1 of starch iﬁdicatof and titrate with I,-

solution until the fir?i’biue that persists

. \
rd '

~Reaction:

A5203 + 3H20~——92H3A503

v 217+ a40"

H.AsO. + 1. * 5H.0 —> HAsOZ ;

3 3 2 2 4
Preparation of starch indicatér: 3% Starch in Formamide.
Make a paste of 3g of soluble starch in 30 ml of form-
A
-amide. Add the paste to 70 ml “ef boiling formamide. Boil

for 2 minutes with s%ﬁrring. Cool to room temperature before
o ¥

using. : Lo

FETHEE-TOICIUERpRMEpREPE SRS R e
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SERIES I:

gﬁch sample was prepared according to Method #1,
section 3.2.1.1 pagé 27. The final solution vm]qme'after
sterjlization was 1000.00 * O.TEIml. The HC1-Blank was doﬁé
B a; part of the.su]phaté‘detérminq;ion. No sulphur dioxide "
détermination Qas‘pefformedl Eac@ sample was analyzed in ‘

duplicate.

EXPERIMENTAL RESULTS OF THIOSULPHATE I1ON DETERMINATION -
’ b : — ' : N ’

1

A '25.00 ¢ 6.02 ml aliquot was titrated with'a 0.0749 &

10,0001 M 1,7 solution.

-4

. '
! ’
3
N
, . R X
N .
. . ) .
.
LY N .
. .

-4



)

L

Sample & )
Replicate

Al - 1
A2 ~ 1
Bl - 1

B2 - 1°

2 -1

145.

"TABLE B1
THIOSULPHATE DETERMINATION ~ SERIES I
Titrant Average 5203'= t ave. dev. ) .
“(m1 * 0.04 m1) (g/L) Precision
10330 6.92° ¥ 0.000 1:258
10.30 )
10.90 7.323 + 0.000. F 1:272
110.90 .
10.50 7.05% + 0.000 . 1:263
., 10.50 |
10.10 6.790 * 0.00° 1:252.
10.10 o
2.50 1.680 * 0.000 *1:62
. . -~ ) o
2.50 -
2.50 . 1.68 * 0.00° 1:62
2.50 '

, .
. PRV SIOR SV
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SERIES I1:

. . Each‘sampie was prepafed according to Method #1,

section 3.2.1.1, page 27. The final solution volume was

R s s

adjusted to 1000.00 *+ 0.15 ml after sterilization. The
HC1-Blank determination was done as:part of the sulphate
détermination. Sulphur dioxide oxidation products were not

dg%irmined. Each sample Wa§ analyzed in duplicate.
i ‘

EXPERIMENTAL RESULTS FOR THIOSULPHATE ION DETERMINATION:

A 25,00 + 0.02 m1 aliquot was titrated\gith a 0.0749 =
. - ,

0.0001 M 13 solution. - o .
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SERIES III: B | " '

Eac'h sampte was prepared according to Method #2, page 28,
section 3.2,1.2. 'The solution volume was 2 x 500,00' + 0.08

ml, or 1000.00 £+ 0.16 m1, prior to autoclaving. The solution

. volume was not adjusted after this process and any changes

in volume were assumed to be negligible with respect to tfie 9
total. The HC1-Blank was done as part of the sulphate deter-

mination. Sulphur dioxide oxidation products were not:

-détermined. "Each sample was analyzed in duplicate. &%
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SERIES 1V:

r

n -

Each sahp]etwas preparea according’to'Method #2,

~section 3.2.1.2, page 28. .The solution volume was 2 X 500.00

v

+ 0.08 m orv1000100't 0.16 ml prior to autoclaving. The
solution volume was not adjusted afier this process, and any
change in volume was assumed._to be nég]igiblé.with'npspect

“ .
to the total. : ‘ o
: .

" Each sample was analyzed in duplicate. The HC1-Blank,

-

was done as part of the sulphate determination. The.sq1phuf\

"..dioxide oxidation products were not determined.
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w///(’/ SERIES V: o ‘

’

-, B . ) Each sample was prepared accofﬂing to Method #2{‘

' \seqtion {.2.1.2, page 28, The sd]ufioﬁ‘vo1ume was 500.00 #
T& 0.08 ﬁ1 X 2; or 1000.00 + 0.16 ml prior to autoclaving. The:
. ‘solution volume was not adjusted after this process, and
, any change in volume was assumed to be negligible with reépect

to ' the total: ‘

,Each sample was analyzeg in duplicate: The HC1-Blank

was done as part of the sulphate determination, The sulphur

dioxide oxidation products were not determined,

'

. . “ + . ’
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164.
SERIES VI

—_— e

| Each sample was prepared‘according“to Method #2, o
section 3.2,1.2, page 28. The solution volume was 2 X 500.00
£ 0.08 ml, or 1000.00 + 0.16 ml prior to autoclaving. The
so]ufion volume was not adjusted after this process, and any

change in volume was assumed to be negligible with respect

to the total.

Each sample was analyzed in dup]icatezsthe HC1-Blank

was done as part of the sulphate determination. The sulphur |

dioxide oxidation products were not determined.

-
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u 168.
SERIES 'VII:

t

Each sampTe was prepared according to Method #2, section '~
3.2,1.2, page 28. The solution volume was 2 x 500.00 + 0.08

ml, or 1000.00 + 0.16 ml prior to autoclaving. The solution.

3

volume was not adjusted after this process, and any change in

. N e
volume was assumed to be negligible with respect to the total.
. ) ! . .
. » - " 0
" Each sample was analyzed in dpp]icate. The HC1-Blank

was done as part of the sulphate determination for samples

12 and A 13. The sulphur dioxide oxidation ;products were

not determined. B o ' 4,

. . L - ',
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- . \ ' " TABLE B22 ...
‘ R
1 ' ) 0 ' ;}r,,
%. SAMPLE 'N2: A 12
20§f'availab1e for conversion to 502' from '
-as 5,027 g/L as $02° g/L
2Y3 9 g 9
: 2 : 1
:  ORIGINAL 0.11 0.19 , \
AVAILABLE e T e ,
‘ : .
i : ,
! / SO% found due. to conversion from ‘ Cot
é | as 502— g/L as S 02- Q/L /
f 4 2%3 9/t
|
! \ ,
Z ORIGINAL - 0.7283 0.425)
‘ AVAILABLE ~  ----- T :
4 : - .
‘Acid breakdown of unctbnverted 5,0 ‘ 7
. h 5.0 —— 3 50 v 50
273 2
moles 0.0663 10.0663 ' 0.0663
mote >
- g expected 7.437 ------ - 2.1?_66
g found 7.437 D e 1.250% * 0.272°
ratio 5°/50, expected = 0.5005 ' v
ratio s°/so2 found 5 oammme-

% error  ------

PR




)

© TABLE B23

sampLe ‘N2 A 130

szog' available for conversion to soi' from
- as’S 02; /L as 552' /L
2°3 9 =Yg 9
ORIGINAL ~ 0.158 c0.279
AVAILABLE D e
803' found due to-conversion from
as S027 g/L as 5,027 g/L
4 9 243 8
. ~
5 . 8
LORIGINAL 0.897 0.523
AVAILABLE = -----: C eeeee-
- ~
Acid breakdown of unconverted 5203-
2- “ - g0
o é
-
moles ) 0.0659 0.0659 ' - 0.0659
§ expected 7.390 L };—~ N 2.1130
g found 7.390 o see= 0190 £ 0.092°

ratio S°/SO2 expected = 0.5005 °
ratio“s"/so2 found = e

% error ------

173.
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SERIES VIII: |

Each sample was prepared according to Method #2, .

"section 3.2.1.2, page 28. The solution volume was 2 x 500.00
. . .\ AY

AN .
+ 0.08 ml, or 1000.00 £+ 0.16 ml prior to autoclaving. The
' AN . ' *

solution volume was not édjusted,after this process), and

any change in volume was assumed to be negligible with respect

to the total., ;

i

] Each sample was analyzed in duplicate. The HC1-Blank

and sulphur dioxide oxidation products were determined
3

according to the methods previdusly described in sections

. 3.2.4.1 and 3.2.4.2 respectively. ) . | Lo

\ ' k "
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ratio $°/50, expected = 0.5005
rat16 SQ/SO2 found 2 -

179.
. TABLE B28
saMpLE N2: A 14 ' .
szog‘ available for conversion to SO%’ﬂfrpm
as $.0%° g/l - B as S0%° g/ﬁ'
273 ) 4
; . : 2 7
ORTGINAL - '0.09 0.15
AVATLABLE L e e
505_ found due to conversion from .
e, . S »
as S0 g/L as $,0%7 g/L
4 9% 2°3 9
ORIGINAL 0.633° 0.3697
AVATLABLE R [
.Acid breakdown of unconverted 3203—
02‘ ' 0 + s°
. 2 3 —_—3 8§ ‘ .
moles 0.0565 o 0.0665 0.0665 -
g expected  7.457 SR 2.1324
g found ‘7.a87 +2.158 + 0.01°

e it B i b Nt AR g
’

g

et R AN 03B b bt T

£

o
.
[, SO o
v
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TABLE B29

sAMPLE N: A 15

szog' available for conversion to SO%’ from
2~ . 2~ -
as 5203 g/L as SO4 g/l
PR : 2. 7
ORIGINAL 0.09 Q.]S
AVAILABLE ~ =====0  eeee-
502_ found due to conversion from
as 5027 g/L s 5,027 g/L
4 9 23 9.
- 5 - 2
ORIGINAL 0.632 0.369" .
AVATLABLE Cmmmee e
Acid breakdown of unconverted 5203'-= ;
2- 0
5203 _— 502 + S
moles ~ 0.0665 0.0665 - 0.0665
g expected - 7.a87 el 2.1324
g found 7.457 o 2.142 t 0.018

1t
o
[34)
(=]
o
w

ratio s‘?/so2 expected

"ratio S°/SO2 found

$ error ------
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TABLE B30

SAMPLE NY: B 13

szog' available for conversion to SOi' from
t as 5,02 g/L as 02~ g/L
2’3 9 4
1 ' 7
ORIGINAL 0.12 0.20

AVAILABLE = —=eee meea- '
502" found due to conversion from
,2_ . _ .
as SO g/L as 5203 g/L ™~
9 . 5
ORIGINAL 0.209 0.122 :
AVAILABLE ————— aeees B

Acid breakdown of unconverted szog‘ o 4
5,08 ——— 50, + s°
moles 0.0663 . 0.0663 © O 0.0663
g expected 7.42% 4.247% 212
g found 7.42° a.237% + 0.004 2.04% * 0.004
_rétio 50)502 expected .= 0.5005
ratio S°/SO2 found = 0.4814 .

error = 3.8% \



error =

2.6%

.

0.4874
s b

& hy

' TABLE 'B31
sAMPLE N2: B 14 » ' '>
szog' available for conversion to 502' from
’ as S,027 g/L ' as S02” g/t
2"3 9 4 9/t
ORIGINAL 0.014 - 0.02°
AVAILABLE ~ +  =e==s= e
502' found due to co;tversion from
- 2- , 2-
, as SO4 g/L as 5203 ' g/LH
7 0
ORIGINAL 0.210 0.123
AVAILABLE ~ -=--- R
L¥)
. Acid breakdown of unconverted szog' ,
” 2- < 0
5,05 ——— 50, - s°
moles 0.0672  0.0672 0.0672
g expected 7.535 4.305° ~2.454 -
g found |  "7.53° 3.267° + 0.014% | 2.08° * 0.00®
Jratio S°//502 expected = 0.5005 '
ratio's°/so2 found = .




. ", RN ‘ 0
S T Tl el
e T TABLE -832 - - ~
. (’ ~ 0 T * ' C -‘ - v
- - sampLe N&: 17 - :
Jon 2- 2 ’ s 2-
S,05° available for conversion.to SO from
203 e 4 |
i i \\\ ',‘ ’ B . . '\
‘ " as $.027 g/b - . as S0% g/L ° .
| R e I - 4 .
Y — g ) \ . ; r ) “ | . )
S 4 R 3 . L
ORIGINAL ~ °~ . 5.07 1869 |
5 :
AN ”‘\ “\‘3‘ ) / .
AVAILABLE © 4.98] g.53% :
N 1
- SOif'found due to conversion from
\ ! PR
| *as $0%° JL as S,02" g/L
N 4 9 2°'3
K v . ) .\\
: . 9 8
ORIGINAL 8.71 oo - 5.08 ;
2 2 8
AVAILABLE - 8.51% . 4068
Acid bredkdown of unconverted séog'
¢ ‘ . . ! ‘ o 0
5203 =1 3P, ' S
moles o 0.0221- 0.0221 . 0.0221
\ 6 ' 8 s
g expected ‘2'1.47 1.415 0.70
g found . 2.47% (1.412% ¢ 0.000"  0.69° * 0.01°
ratio S°7S0§\expected'= O.SOOQQ
7 ratip s%/s0, found © = 0.4919
_ error = 1.7% '
=2
~
% ~
b,



o, 184, -
, .
| TABLE B33 e
: \ 0 ~ -7
SAMPLE N .'C 18 N
_szog' available for ‘conversion to~50§' from B
| as 5,027 g/L as $027. g/L " I
- i . >2°3 g .  9Vg 9/ . p
\ . - 7 TN
ORIGINAL 5.77 ~ 9.89 ; '
S\ ABLE 5 g 740
AVAILABLE 5.68 9.74
: , g \
503_ found due to conversion from
as 5027 g/ as 5,027 g/L
4 9 2”3 9
ORIGINAL 10.05° 5.87" 2
: ®
AVATLABLE - 9.85% . 5.75° '
Acid breakdown of unconverted 5202_
§,05"—————> 50, + s°
' : R . 7 .
moles 0.0158 0.0158 0.0158 '
g expected 1.772 1.012° \ 0.50°
'g found 1.77% . 1.0m1' * 0.004" 0.50 *.0.00°
ratio S?/SO2 expected = 0.5005.
ratio s°pso2 found = 0.5022
error  0.37% i .
’ B . k\t
g
. o
~ . ‘
¢ ® < \ ° )

e lbe e &y S——

Mok o et P
’

. o s

g AR it <
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** SERIES IX:

1
L]

! —

Each sample was prepared éﬂcording to Method #2, section

3.2.1.2, page 28. The solution VoTume was 2 x 500500 * 0,08

-m1, or 1000.00 i.0;16_m1°prior to autociaving. The solution

3 . . ..
volume was no%® adjusted.after this process, and any change
- ° M ’ ’ ¢
‘ in volume was assumeéd to be negligible withAre%pect to the
~tatal. ' L. N R

" Each sample was analyzed in duplicate. The HC1-Blank

and sulphur dioxide oxidation products were determined

v

< .aeccording to the methods previously,descﬁiﬁed in sections
\3.2.4.1 and 3.2.4.2 respectively. : e
° * . N » ' ” [] . .; a
o . . i .
) ¢ . N ‘
— — L
'1,1 ’( (3 0
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The gain of 0.2677 * 0.006

A - Y.
| _ .- D 198,
< SUMMARY '
SERIES IX:
CONTROL B 15 "
2- ’ ' :
5,087 A |
7.50° - 7.39% = 0.15% g 5,027/1 105t . —
2= K S ‘ \ ' '
50 |

6

0.464> - 01965 = 0.2677 ¢ $0;7/1 gained

s '

. X L.
2.114 gVS°/1 gained due to thiosylphate destruction
502 : | | o . ‘
4.2198 g.50,/1 gained dué to thiosulphate destruction

P

7

0.158"g 5,057/1 = 0.2707 ¢ 50571

8

L4

g SOS’]] was determined.

'This gain has been attributed to the conversion of 5502' to
2. ’
504 via:
) 2- - | Co 2-
: 5203 + 10 OH.. - 8! e——>'2 504 + 5 H20'
This leaves 7.390 ¥ 0.000 g szog‘/1 available for acid.

destruction Egsulting in the produgtion of sulphur dioxide

‘and sulphur (elemental).

$502T 550 e 80
. %3 2 -
* moles g 1 ] S o
. oo - . .
MW, © 112413 64.063 - '32.064
g expected &  7.39° 4.2221 ' 2.1132
moles expected  0.0659 . . .'0.b659 ©* 0.0659

0

g found ©7.39% + 0.00% 4.219% # 0.002

-




) \\ »
- - FL AN 4
N
] s ANENY
i v \ : ‘ oy
. :‘ . \‘ A \ | ’,
) : \ s 199.
\\‘ *
4 vt ) ' & i . \.\
s . ratio $°/50., expected = 0.5005 v’ ~
. . o expected = 0. , N
' Py 0 N ! ’ ' K 3
ratio S /SO2 found = 0.5010 : o -
L 0.1 % error . : ‘ .
g e : . “’ o
I . . , .
-
» l '
‘ o el . .
3 /] ‘ R ‘ ® " ' \
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\ 200.
CONTROL:‘B 16 ‘ ]
5. 02" : A '
S35,03 ‘
7.54% - 7.42% = 0.12% 95,0271 105t .
2> . .
0.4092 - 0.196% = 0.2120 ¢ so§‘71 gained S .

2,116 g s/ gained due to thiosulphate destruction

SO2

A 4.25]5 g 502/1 gained due to thiosu]phafé destruction
o .

4 2 5 2 '

0.12 Ig 5203 /1 =n0.212 g 804 /1

The gain of 0.212° * 0.0027 g 5057/1.was determined.

This gain has been attributed to'ther;onversioniofkthfoﬁv
su]bhéte to sp]phate via the\reaction ‘
5,05+ .10 OH - 8 NN 5027 4 5 H 0
This Teaves 7.42" * 0.00% g 5,0%%/1 available for acid’
dest}uction rpsu]ting in-the production of sulphur dioxide

’

‘and elemental sulphur.

I ) '2_

5,05 > .502 : + - - 50
moles . 1 . 1 ‘ 1
MWL 112.13 64.063 . 32.064
g expected I VYL " 4.2415 | 2.1229
moles exjected  0.0662 - 'o.gqu T 0.0662
_ g found 7.82% + 0.00° ' 4.251% ¢ 0.003% 2.115
A ) » S © to.o0
ratio S°/s0, expected = 0.5005
. ratio sd/so2 found = 0.4977

0.6 % error




* Therefore: 7.54

IR

L

201,

The refults pf the control solutions were averaged, and
the average value was used as‘the "available" concentration

for bacterial action. , S o

9 7

- 7.40" v 0.017 = 0.14%2 * 0.01
> Ce ‘

2.
g 5203 /1

74 5205-/1 constitutes the available thio- .

lost 7.407 * 0.01

» . .
sulphate concentration. . o

L [N g - .
_0.1%2 + 0.917'9 Szog'/l js assumed to undergo;conversion to
503'. This value must be removed from the total to ‘determine

the amount of sulphate produced by bacterial action.

2 7 ‘ )

. 112. 18

EXPERIMENTAL: C 19
2- - :

5203 N ‘ ' * »
added ) found o difference from n
" 7.549 BT 4.58% original
7.407 2.96% 4.44° available

therefore: 4.58% g/1 or §.4Q3 g/1 szog' was converted from

~———y ¥
the original and available respectively.

1

a.58" g 5,027/1 = 7.86' g S027/1 from the original, dr

n

3 . 2-
4.447 ¢ 5203 /1
4

7.61% g 502'/1 from the available.

'8.02 g Soi'/l was found in the media. This value rep%esents

6 7

(8.02% - 0.196% = ) 7.82

4

g SOET/I over the amount added to

the original, or (8.027 - 0.196° - 0.024® = )/7.80°

2-
g SO4 /1

from the av&i]able.



‘ L o - . . . 202,
These vafues are 1n agreement wwth the expected_l;éults

‘from the th1osu1phate analysis.
Ai ) \ F ' A

.This 'Ieaves:2.964 g 52 3 “/1 to undergo convers1on to o

N ﬁu]phur dioxide and~e1ementa1 sulphur via the reaction J
. - . ' . ¥
| oy 2- ‘ - )
: T ' : A
, 2- 0
| - Sp05 L 50, S '
— . glexpected = 2.94% N\ 1.6949 0.8483
« " moles 0.0265 0. ozsg 0.0265
. g found 2.96% * 0.00° " 71.6777 * 0.007 o0.83% * 0.01°
- . ' <
ratio $°/50, expected = 0.5005
( - ratio 5°/50, found = 0.5001
N 0.08 % error ‘
‘i.
f
, — S .
f , 3 ”

.

. ——— ot e o T

A h < 2 ok i B4 bbbt

s i A s A
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‘ ] ~ 203.
. TABLE B 38 )
. 2
sampLE N2: A 16 .
szog' available for conversion to SO%’ from -
T 2- 2-
& - as,SZO3 ’ g/1 as SO4 g/l
r . N ] ] \ 8
ORIGINAL 0.08 ] D.13% ,
AVATLABLE R S e
| 2- ¥ s , W
S0, found due to conversion from o /\\")
\ 2- 2
- as SO4 g/1 ,as 5203 g/1
‘\ o 2 : 2 /
ORIGINAL - - 0.079 . 0.046° 1
x\ £. .
AVAILABLE ~ —=--- [ «
Acid ¥re%kdown of unconverted 5203' . \
A i ' . ‘ ’
' _ 5,05"——— 50, + 50
moles . . 0.0666 €0.0666 0.0666
g expected . 7.467 4.2666 21362~
g found 7.46" +.0.00° 4.339° * 0.008% 2.160 ¢
y .
\ 0.01°
0 \\ ]

ratio S /SOé expected = 0.5005.

\ . . r
ratio $°/50,\found = 0:4977
error = 0.6 %\\ |

\
\ 1
\
\ 4



. .TABLE B39
ant 0 ‘ ' ' ' - “~
SAMPLE N=: A 17 ) : . .
2- . ne-
S,0; available for convgrs1on to S0, from F,iﬁ
as 5,027 ¢/1 ©  as S027 g/1
. 2”3 9/ | g 9 :
STNAL . 8
ORIGINAL 0.08 0.137
AVAILABLE ~ -=--- o eeee-
) SOi'ffoynd.dde to conversion from ’
2- ' 2-
as 50, g/1 . as 5203 g/l
' AR 8 : 1
ORIGINAL : 0.085 0.050‘
S e . o "
AVAILABLE .. |  ~=-=--- ¢ e
Acid breakdown of unconverted szog'
3. s 08— 50, ¢ 50
moles 0.0666 0.0666 © 0.0666

g expected - 7.46’ © azess L (ﬁ\f~iz.1355

‘g found - 7.467 *+ 0.00° 4.3520 £ 0.007"  2.18% * 0.01°
ratio $°/50, expected = 0.5005 B

/80, e
ratio s°/sq2 found © = 0.4977 N

error = 0.6 %




I 205,

. TABLE B40 N
sampLE N2 B 15 ',

5203' available for conversion to Soi' from NL

2- Cen2-

as 5203 'g/1 , as SO4 g/l
ORIGINAL ° B TS - W A ’
AVAILABLE Scweceoe 0 s

SQZ' found due to conversion from
4 “

, 2- ool
as SO4 g/l as 5203 g/1
CORIGINAL . 0.267' - © . 0.1562
58

AVATLABLE IR ‘ R,

Acid bréakdown of unconverted 5203'
5,057 —— 50, ; 5
goles . . 0.0659 0.0659 0.0659
g expected 7.390 a2y 2.3
g found 7.39 + 4.2198 ¢ 2. 114 ¢
0.00° 0.002® - 0.00®
ratiq“SOISOZ expected = 0.5005 “' o
ratio $°/s0, found = 0.5010

error = 0.1 % 0



206.

TABLE B41 .
wore w0 m o1g | .
SAMPLE N2: B 16 .
Szog' available for conversion to 0,  from ' .
| as 5,027 g/ ~as s02° g/1
2°3 . 9 4
ORIGINAL 0.12% 0.21%
AVAILABLE Commm-- _— T
502' found due to conversion from Y
CTA as 5,027 g/1
as 4 g 2Y3 g
ORIGINAL ©0.212° 0.124' ~ 7
AVAILABLE -+~ =e-e- -
Acad breakdown of'ungbnve}ted-SZOg'
2- . 0
5203 > 50, s
moles 0.0662 L 0.0662 . 0.0662
g expected 7.42° 4.2015 . 2.1229
.g found 7.8t 4.251° ¢ 2.11 %
e 0.00. ™ +0.0038 0.00%

ratio SQISO2 expected = 0.5005
ratio s°/$0, fourd .= 0.4977

error = 0.5 %

At el Vs s 5 ke BN A BN b e st Nl

it

3
SR e s i 4 s hh 8 Mt ot 0 oo 8 ottt

=
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207.

TABLE B42 .
savpLE N2 ¢ 19
5202' available for conversion to soﬁ‘ from
a3 . as $,057 g/1 as 5057 g/1 |
ORIGINAL . .. 4.s8%’ ,7.86)
AVAILABLE 4.443 7.61%
soﬁ' found due to conversion from
as 502' g/l as szog' TAN
ORIGINAL 7.827 4.568
’ * R 6
AVAILABLE 7.%8 4.42
Acid bre\ékdowm of unconverted 3203‘
5.02" 3 50 + 50
2”3- 202 ¢
moles - 0.0265 0.0265 0.0265
g expected  2.96% 1.6949 0.8483
g found "~ 2.96% ¢ " 1.6777 ¢ ~ 0.83% +
0.00% . 0.00% 0.019 .
ratio SO/SO2 expected = 0.5005 '
ratio s°/so2 found = 0.5001

error-= 0.1 % : -

. o~



N e 208.
" TABLE B43 ‘
saMpLE NO: ¢ 20
szog‘ available for conversion to lSO%" from
2- - 2-
as SZO g/l as 304' g/1
ORIGINAL . 4.627 | 7.927 "
' 6 - 6
AVAILABLE 4.48 7.68
5012,{' found due to conversion from ’
2= - 2- -
as SO4 g/l as 5203 g/ .-
ORIGINAL 7.91° J 4.61° '
, . 7 4
AVAILABLE 7.66 4.47
\ ' 2.
Acid breakdown of unconverted 5505
2- . 0
5,057 —————> 50, - + S
moles 0.0261 . 0.0261 0.0261
g expected 2:92] 1.6917 0.8467
g found * 2,921 % . 1.6667 * 0.81% ¢
- - 0.00° 0.002’ 0.008
ratio S°/502-expected = 0.5005 ;
ratio s°)so2 found ¥ = 0.4895
error = 2.2 % . . > T
¢
{




- sy,

209.
TABLE B44 . ' '

sampLE M. ¢ 21

.S 02' hvéiiﬁﬁle for conversion to SOZ' from
2°3 55’ 4
- 2-
as 5203 a9/ o as SO4 gfl
ORIGINAL "4.62° C e 1.920
;o ] 7.
AVAILABLE " 4.48 7.67
502’ found due to conversion from s
as S02™ g/1 . as $,0%7 g/1 -
273
> 9
ORIGINAL 7.90 4.61°
AVAILABLE 7.66° sart 7
{
Acid breakdown of unconverted 5202'
2< - . <O
‘moles ‘ 0.0261 0.0261 0.0261
g expected  2.92° - 1.6720 10.8369
g found 2,925 ¢+ 1.669° * 0.83°
| 0.00 | 0.004% " 0.01f
ratio S°/SO2 expécted = 0.5005
ratio S°/SO2 found = 0.4972 x ;-

error 0.7 %



- TABLE B45 '
- sampLe' NE: ¢ 22 :
5202" available for conversion to SO%" from
N - as ;02" g/1 as 502° g/1
| : 273 o
. \. "6 .
ORIGINAL: . 4.75 8.14
- .5 7
AVAILABLE 4.61 . 7.90
SO%‘ found due to conversion from j \
‘ oy - S 2-
. as S0, %@H as 5,0 g/l'l
ORIGINAL ~ = - 8.13° 4.748
. ' ‘ Do
AVAILABLE NN L 4,733
Acid breakdown of unconverted szog‘
. Y ’ ’ 2_ R . [ 4
- .Y
o 5,05 —> s0, +
moles . "0.0249 ’ 0.0249 |
g expected 2.79% . 1.595]
7 found - 2.792 ¢ 1.589% &
e N ‘ 0.0022
]
ratio $°/S0, expected = 0.5005
* fatio $°/S0, found = 004958
“error = 0.9 % '
“~
' ’ ,,/
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‘ "wF  TABLE B46

- w0

211.

0.0272
0.8722
0.85% ¢
0,016

SAMPLE N : ¢ 23° " .
Szog"availabledfor conversion to 50%™ from
' as 5,057 g/1  .as S05 g/1
ORIGINAL. 4.298 b
AVATLABLE 4.357 7.46°
Spi' found due to conversion from
2- . ; 2; .
qs SO¢N g/l as 5203 g/]'
ORIGINAL 7.75) 4528
' 8 , “ 4 2g2
AVAILABLE 7.50° 4.38
Acid breakdown of unconverted fzgg'
5,02 550, +
S 2.3 ’ ]‘2
moles . 0.0221 ., 0.0272
g expected 3_.050 1.7425
g fouhd "3.050 £ . . 1.747%-2
. : ‘ .
| 0.00° 0.0027
ratio $°/50, expected = 0.5005 ‘
ratio $°/S0, found = 0.4897
error = 2.2 % ' i
- >
F) ~

"



N

212.
TABLE B47
- SAMPLE NY: ¢ 24
' szog” évailqble for conversiof to SOE' from +
3 2- - 2- )
/ ’ as 5203 g/1 o as SO4 g/1
ORIGENAL . - © 5,938 10.17%
vy . ' ~ . ) ‘, 7 . ) 2
~AVAILABLE 5.79 9.93
, 502" found due to conversion from
‘  nn2- .7 a2
e as 504' g/1 ) ,,&‘as 5,03
. T e A‘ - .‘ A N - ~ * /
ORIGINAL T gzt - 5012 ‘
© KVAILABLE  9.a8® / 5,77
" Acid breakdown of unconverted 5203"
. : a2- | N ' o
' | - 5p03" ‘ - S0, + k S
moles -, 0.0103 0.0103 ©0.0103 "
g expected’ . 1.611 0.6598 - 0.3317
‘g found. 1,610 ¢ 0.913% * 0.43% ¢
| 0.009 - 0.0017 » .0.008
ratio s°/so2 expected = 0.5005
ratio 5°/50, Fdund. . = 0.4728
error = 5.5 %
AR ' |
‘ '

S v ek et o a




A
TABLE B48 - - STy
sampLE N C 25 | | o S
Szog' available for conversion to 502' from
2- 2- S
' as 3203 g/1 . as SO g/1 . ,
0 5
ORIGINAL ! 6.26 10.72
3 . . e
AVAILABLE 6.8 10.482
ng' found due to conversion from
. 2. o a2-
as SO 1 as S,0 1
g/f . 23‘9/
ORIGINAL 10.75% 6.27%
AVAILABLE | 10.510 . 6.13%
. . .
. Acid breakdown of ﬂnconverted Szog‘
02~ Lo
e L 5203—————‘———) 502 + . 57
" .moles ‘ 0.0115 - 0.0115 ' .0.0115
" g.expected 1.28% 0.7367 . 0,3686 -
g found - Cq1.28% ¢ 0.738% + . 0,372 ¢
0.00° 0.0033 " 0.008
" ratio $°/50, expected = 0.5005 . B
j ratio %80, found = 0U5057 . . o
error = 3;0.% _ o L ,
C | L .
1 ' <



<&

f . & -

w ~ . TABLE B49

saMpLE N2 ¢ 26

5205' available for conve%sion to SOE' from:

error - 1.8 ¥

i
‘ .

A
L. .

©0.0264"
. 0.8476;
0.828 +

- : 2- ' 2-.
,‘ ' ' as 5203 g/l nas 504 ‘g/l
“ ORTGINAL - 4.5t « 7.85%
! 3 ‘ 2
AVAILABLE = 4.44° _ 7.61
. , |
SO%' found due.to conversion from
S n2- o 2-
. . ag SO4 g/l as 5203 ;9/]
ORIGINAL 7.82%° 4565
. 0 b
AVAILABLE  '7.58 4.42
Acid breakdown o?'unconverﬁéd'Séog'
2_ .. S
. 5203 —> S0, ¢
moles , 0.0264 .~ 0.0264
g expected o2, 9§4 | - 1.6913
9 found 2.0t 1.6848 #
- 0,000 ~0.002° ,
'rat1o 59 /so2 expected = 0.5005 ’
"ratio S§° /SO found = 0 4915 s
»

214.

0.012
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PRI

Fal

2%

TABLE B50

- -

saMpLE. 8. ¢ 27

~

- | I
‘szog available for conversion to SO% from

- 215,

error = 0.3 %

) as 5,087 g/ as S04 g/1
, , A B‘t‘ )
ORIGINAL - 4.32 , 7.41 )
' ° 5 0
AVAILABLE 4.18 7.171° .
SOi’ found due to conversion from .
| ¢ 2. k 2
1 as 304 g/l. as 5203 g/ 1
ORIGINAL ' A ILE 4. 32°
. ' . 8 3
AVATLABLE - 7.16 4.18
Acidkpreakdown of unconverted 5202_ ¢
| 2- N 0
$,05 5 S0, + 5
moles © C © 0.0287 . -~ 0.0287 0.0287
. . 7/
g expected  3.22° 1.8386 . 0.9213
‘g found 3.2y 1.8357 't 0.91% ¢
L 0.00° | 0.004° 0.00%
ratio $°/50, expexted.= 0,5005 . .
_ratio 59/502 found ~ = 0.4990
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- ( TABLE . B 51
savPLE N C 28 ' ' .
' szog’ available for conversion to 502' from®
as S,0%7 g/1 as 5027 g/
2”3 9 4 9
ORIGINAL | 5.16" 8.847"
e ol "6
AVAILABLE 5. 02 8.60° .
502' found due to conversion from
2- 2
‘ as 504 g/1 | as 5203 g/l
: 1. : 4
ORIGINAL 8.83 5.15
AVAILABLE 8. 58% 5,012
]
Acid breakdown of u{c/;;ve‘rtéd 5205'
) 2- 9 R .0
5,05 > S0, + s©
moles 0.0213 0.0213 ' 0.0213
g expected 2.384 1.3645 . 0.6817
g'found . . 2.38%% 1.3572 . 0.67°
0.000 " o.006" 0.008
- ratio SO/'SO2 exbected = 6.5‘005’ ' '
ratic pecte o .
ratio $°/s0, found = = 0.4981 ' .

error = 0.5 %

-

Sonkien
. v

ralemen ok ¢ a3
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,\ ' v I . . o
‘ TABLE B52

SAMPLE N: ¢ 29

520:2," available for conversion to 50121' from-

2. -
as 5203 g/l as SO% g/ 1
ORIGINAL - 6.47? 11.09
AVATLABLE | 6.333 7 10,880
502- found due to conversion from
_ as 502' X /1\ - as SM)OZ' /1
42 2’3 9
© e .5
. ORIGINAL 11.06 6.45
" AVAILABLE 10.818 6.31° %
» * . ' or
Acid breakaown of unc‘onverted 5202'
§.02" > S0 + s©
2Y3 > 50, k
moles 0.0096 . 0.0096. 0.0096
g expected  1.07% . . 0.6150 0.3071
g found 1.07% + 0.5965 + 0.29% +
0.00° ‘ 0.003" " 0.008
ratio $°/S0, expected = 0,5005 . ‘
ratio s°/soé found = 0.4929°

error = 1.5 % ' ‘ , ' | "&

W
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. _ TABLE B53
SAMPLE Nﬁ: C 30 ;
. 1
Szog" available for conversion to SO%' from 3
as 5,087 g/1 as S02™ g/1
2'3 9 4.9
\ 2 3 |
ORIG INAL 6.00 10.28 !
- |
B ‘/,// ] \ 2 !
AVATLABLE- | 5.86 10.04
SOE' found due to conversion from
as 502" g/1 as 5,027 g/1 )
g 9701 2Y; 9 ;
. i
ORIGINAL © 10.288 6.00" b
) 5 2 J
. AVAILABLE .2 10.04 . ‘ 5.86 j
' T . ’2_ %
Acid breakdown: of unconverted S,03 1)
| ' 2- ' | 0- ‘:
520, ; > 30, ¥ 5 :
L — i
moles 0.0138 - 0.0138 0.0138 1
. - {
g expected 1.546 | 0.8841° - 0.4421
. , & o i
g found 1.548 % 0.886% # 0.449 # ‘

_ 0.00° 0.004% | 0.012
ratio $%/50," expected = 0.5005 | ' )

ratio s°/so2 found 0.496]

error = 0,9 %
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- TABLE CT
-~ -

ELEMENT:  -Cd

WAVELENGTH:  228%8-nm

SLIT: 4 (0.7 nm)

LIGHT SOURCE: hollow cathode lamp
LAMP ENERGY: . 6 mA’

BURNER: 4 in.

FLAME: air acetylene, +oxidizing

'LINEAR RANGE: 2 ppm
LOWER DETECTION LIMIT:  0.02 ppnm

STANDARD STOCK SOLUTION:

¥d

1.000 g of pure cadmium metal was dissolvediin a

220.

minimum of a 1:1 hydrochloric acid solution and dilute to

1000 m1”yielding a 1000 ppm Cd solution.

A ten-fold di]ution was carrﬁed'out‘y1e1dfng a 100 ppm

Cd solution from which all standards are made. Thése were

prepared by delivering the appropriate volume from'a 5 ml

' to 'volume with water.

’

"Dosimat burette to'a 100 ml volumetric flask pnd di]utiné




221.

a o ‘ , TABLE (€2
1 N , B
- " PREPARATION OF STANDARDS FOR CAOMIUM /
;'\‘\ L mls of Cd 100 ppm stock Final Cd conc, Absorbance
! . : . a
: dilyte to 100 nls ’ (ppm) | D
| — —
] 1.000 0.000 0.0071 £ 0.000
| | 0,250 0,250° 0.027 + 0. 000"
0.500~ 0.500°  0.056 ¢ 0.001°
1.000 1.001% 0.106 + 0.00]
N . 1.500 15018 ©0.159 ¢ 0.001°
2.000 ‘ 2.002° . 0.208 : 0.000"

~ Regression Coefficient F: 0.9998

Y-Intercept ’ : 0.0011

_ Slope , : 0.1038
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TABLE €3
SAMPLE: | ABSORBANCE - | concA. cd (ppm;)
B.S. (H,0) | 0.001 =+ 0.001 | ND |
‘MgSO4.7H20 0.002 1'0.00:1 ND’

, Coa
NH, C1 . 0.004 + 0.001 ND
Na,$,0 . 5H,0 d.ooa + 0,001 0. 049
Na,Mo0 , . 2H,0 0.004 + 0.000 . . ND
MnC1, | " 0.004 + 0.001 t ND
(faC}z | . 0.004 + 0.000 ‘ ‘\" ND
" NaCl - ‘01002 + 0,001 "« ND
NaHCO 4 ' | 0.000 = 0.001 » ND
! ’ .

K;HPO, " 0,000 # 0.001 . . ND
FeS0, . 7H,0 0.000 = o.c;m . ~ND

"ND = NOT DETECTED

g -
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TABLE C4.

ELEMENT:  Pb . : o

WAVELENGTH:  283.3 nm ’

SLIT: 4 (0.7 nm)

LIGHT SOURCE: hollow cathode lamp

LAMP ENERGY: 20 mA

-

BURNER: - 4 in. N .
FLAME: air acefy]ene; oxidizing

LINEAR RENGE: 20 ppnm

LOWER DETECTION LIMIT: _ 0.5 ppm

©

STANDARD STOCK SOLUTION:

\

1.0000 g of pure Tead metal was dissolved in &

!

minimum of a 1:] nitric acid solution and diluted to.-

volume iﬂ a 1000 ml .volumetric flask, yie]ding a,1000 ppm

* Pb solution. ‘A1l standards were prepared from this stock

'solution by delivering. the appropriate volume from a 5 ml

Dosimai'burette to a 100 m) volumetric flask and di]uti$xk\
to volume with water.

) 4 . . r

 ea o
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oo " . TABLE €5 ‘
PREPARATION OF STANDARDS FOR LEAD .
-m1 of 1000 ppm Pb stock Fhnal Pb cong. Absorbance
diluted to 100 ml . lppm)
0.000 0.000 ' 0.001 = 0,000
oo 0.500 5.000 1 0.028 + 0,001
\ ©1.000 .~ {710.000 . '  0.060 % 0.001
: 1.500 . - 15.000 0.089 + 0.001
2.0000 ©20.000 0.117 % 0.001
" . ,
_ B .o ;
Regression coefficient - - r : 0.9997 )
Y-Intercept - :.o.§004'm -
- Slope - _ - > 0.0059 - y
{ . ’ °
; , 4
| - .
( fo ),
) - ’ i ) %
. @ l - ¢ '
° 3 Y N
. R : PR
\

bis
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R TABLE C6
% ) A . .
* . SAMPLE. ABSORBANCE . CONC. Pb (ppm)
B.S. (H,0)° 0.002 1 0.001 ND '
MgS0, . 7H,0- 20.001 + 0.001° ND
NH,C1 0.001 + 0.001 - D
Na,S9,.5H,0 .0.002 + 0.001 \M © O ND |
Na,Mo0,.2H,0 ofoog + g.ooo ‘ ND
MnC1, 0.002 + 0.000 ND
CaCl, . . 0.002.+ 0.000 ND -
NaC] 0,002+ 0.000 ND -
NaHCO, 0.002 + 0:000 ND
KZHP04L 0.002 ¢ 0.001 . .ND
Fes0, . 7H,0 0.002 + 0.900 D
ND = NOT DETECTED
A N
A
'L\' : .
\ 5
\ -
K
A V; v f
o = . ' !
S 50
d



" ELEMENT: Fe

. LIJEAR RANGE: 5 ppm

K 226.
N .. TABLE €7 . -
~ i R ’ K

W

WAVELENGTH: 248.3 nm .

. SLIT:. 3 (0.2 nm)

LIGHT SOUﬁCE- .hollow cathodé Tamp ‘
LAMP ENERGY : 30 n S S
BURNER: 4 in. C K . ‘

©

A}

FLAME: air-acetylene, oxidizing

LOWER DETECTION LIMIT: 0.12 ppm
»

STANDARD STOCK SOLUTION: .

' ' / ’ ' . -
1.0000 .g of pure iron metal was dissolved in a minimum

of a 1:1 nitric'acid solution and diTuted‘to Qo]ume in a

1000 m1 vo]umetr1c flask, y1e1d1ng a .1000 ppm Ee §olut1on

A ten- fo]d d11ut1on was carr1ed out y1e1d1ng a 100 ppm Fe

solution. AT11 standards were - prepared by de11ver1ng the

L3

appropriate volume from a 5 ml, Dosimat burette to a 100 m]l

volumetric flask and diluting to volume with water.®

L]

7
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3 227,
. TABLE €8
m ) .
. PREPARATION OF STANDARDS FOR IRON
" mls of 1\000 ppm Fe stock Final Fg.conc. Absorbance
diluted to 100 mls (ppm)
0.000 - . 0.000 0.001 +0.000
1.500 ©1.500 4.037 + 0.00]
, 2.000 \é.ood 0.050 + 0.001
7~3.000 , . 3.000 0.076 + 0.001
4.000 = - - 4.000° 0.096 + 0:001
5.000 5.000 0.122 + 0.001
B ' 01
. Regression coefficient r: 0.9995% - N
. . ' o . ™~
Y-Intercept ~: 0.0014
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TABLE C9 ’

SAMPLE " .- ABSORBANCE - CONC. Fe (ppm)

B.5. (H0) ©-0.003 * 0.00] L
Y z C

'MgS0,.7H,00 . - -0.003 £ 0.001 ND -
NH, O ~ -0.005 * 0.001 . ND
N§25203.5H20 . -0.003 * 0.000 . LTND
NazMooﬁ.ZHZO , -0.005, % 0.001 B ND

: ,/ : 5 T, . ( \ . ‘
MnC1, - 20.005 * 0.001 " ~ND ,
.é'l . T ’ . ' \,_ a ’

“cacl, . -0.004 % 0.001 . ND
NaC1. ' ©-0.003 ¢ 0.000 B CND
Nchd3 ‘ " . .0.004.t 0.000 . ND .

.ls - i
K,HPO, - - -0.003 * 0.000 “ND
‘ _, P \ K N ‘ ! . -
L o
' FeS0,.7H,0 . \ NT
s o ] ,
|
¥ ND = NOT DETECTED |
NT "= NOT.TESTED FOR - - . S
\r . . » . .m
/ !
o ’ »
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oo, | .. msLeco T )
%\": :ij | , . B /
WAVELENGTH: 324.7 nm
SLIT: 4 (0.7 nm) - . u R
LIGHT SOURCE:. hollow cathode lamp  ~ ’
LAMP ENERGY: 15 mA -
BURNER: -4 i. .
: ,FLAME: air acety]éné,'oxidiziqg
l, " ;LINEAR RANGE: 5 ppm’ U "
! LOWER DETECTION LIMIT: 0.09 ppm ! L ‘f'

- . ) R ) T e ’ . -
i .STANDARD STOCK SOLUTION: ’ ' -

{ g { j].OOng of .pure copper metal was dissolved in a

| " minimum of a 141 hitric acid solution and diluting to 1000
ml in a volumetric flask, yielding a TOOO ppm Cu_so]utibn.
P (A ten-fold dilution was carried out yielding a 100 ppm Cu

solution. A11 standards were brepared by. delivering the

appropriate volume from a 5 ml Dosimat burette to a 100 ml

volumetric flask and diluting to volume with water. , . o

: ) , ' , ~ I'i_. ' f . . u' .’:".
- TELEMENT:  Cu e . | ' o




* TABLE C11

PREPARATION OF STANDARDS FOR Cu

mls of 100 ppﬁ Cu stock

230.

-

FinaH}Culconc. Absorbance -
diluted to 100 mls \ (ppm) ~
) 0.000 v 0.000 0.008 + 0.001
1.000 1.000 0.039 = 0.001
, ‘ 2.0000 2.000 0.077 + 0.000
3.000 3,000 0.113 '+ 0.001
4.000 4.000 0.148 + 0.001
\ 5.000 5.000 0..183 £ 0.001
Regression coefficient r: 0.9999 :
. A4
Y-Intercept : 0.0031
Slope :0.0362
) €
’f.
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 TABLE €12
. SAMPLE 'ABSORBANCE - .CONC. Cu (ppm)
. B.S. (H20) " 0.000”+ 0.000 "ND
. ) !
Mgs0,.7L,0 0.001 t 0.000 D
NH 4G 1 0.001 ¢ 0.000 . NQ
Na,$,0,.5H,0 0.001 £ 0.000 - ND
' w
' Na,Mo0;.2H,0 0.000 * 0.000 ND
MnC1, 0.000 * 0.000 ND
cacl, - 0.000 * 0.000 ND
NaCl 0.001 * 0.000 ND
NaHCo, 0.001 * 0.001 | ND T
‘ . .
K,HPO, \ 0.000 + 0.000 ND
FeSo, . 7H,0  0.000 * 0.000 ND
‘ND = NOT DETECTED
A




TABLE C13 L | S
: ELEMENT: Zn = . L S
WAVELENGTH: 213.9 nm ’ ‘
SLIT: 4 (0.7 nm) ; o
. /-

LIGHT SOURCE: hollow cathode lamp
_LAMP ENERGY: 10 mA ,
BURNER: 4 in. | - Lo -
FLAME: air acetylene, oxidizing o |
LINEAR RANGE: 1 ppm B L -

. ‘LOHQR DETECTION LIMIT: 0,018 ppm

STANDARD STOCK SOLUTION:

> ¢ .
1.0000 g of pure zinc metal was dissolved in a.minimum

"of a 1:1 nitric acid solution and diluted to 1000 m1 in a
\ vd]umétric flask, yielding a 1000 ppm Zn solution. A
-one-hundred-fold dilution was cafCied out yie]dipg a 10 ppm
in §o]ption. Al §tandards were prepared by delivering the
]

appropriate volume from a 5 ml Dosimat burette to a 100

ml volumetric flask and diluting to volume with water.




o,

233,

* TABLE C14
" PREPARATION OF STANDARDS FOR ZINC .
" mls of 10 ppm stock Final conc. Zn Absorbance
diluted to 100 mls (ppm) |
0.00 .0.00 - 0.001 * 0.000
2.00 0.20 0.037 + 0.001
- : 0
4.00 - 0.40 " 0.071 * 0.007
- 6.00 " 0.60 0.105 + 0,001
8.00 0.80 . 0.137 + 0,001
10.00 -1.00 0.170 # 0.008/
./

o

Regression coefficient'. r: 0.9998

Y-Intercept
Slope .

: 0.0026
: 0.1684
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- ND = NOT DETECTED

TABLE C15
SAMPLE ABSORBANCE In (ppm)
. ’ <>
- 'B.S. (H,0) 0.003 + 0.001 ND :
b ’ .
MgS0,.7H,0 0.003 + 0.001 ND \ ‘
. .
NH,C 0.003 ¢ 0.001 ND
- ’ . ' N 5 “
.Nazszo%.SHZO 10.019,+ 0.001 .106
Na,Mo0, . 2H 0 0.002 + 0.007 ND
MnC1, 0.002 * 0.00] ND |
N ' {
cacl, 0.003 * 0.001 ND ' §
NaC1 0.004 £ 0.001 ND ‘ |
v ) . i
NaHco, 0.004 * 0.000 ND oo
_ kyHPO, .0.001 * 0.000 ND
_FeS0,.7H,0 0.002 * 0.00], ND

A £ T b Are ke

-



ELEMENT: Ni =~ °

.TABLE C16

PY . ~

WAVELENGTH: 232.0 nm

SLIT: 3 (0.2 nm) ‘
" LIGHT SOURCE: hollow cathode lamp
LAMP_ENERGY: 25 mA

BURNER: 4 in.
FLAME: air acety]eﬁe,'oxidizing

‘

LINEAR RANGE: 5 ppm

- LOWER DETECTION LIMIT: 0.15 ppm

STANDARD STOCK SOLUTION:

" 1.0000 g of pure n1cke1 metal was dlsso1ved 1n a

'v‘f)
235.

minimum of a 1: 1 nitric acid so1ut1on, yielding a ]000 ppm

¢

a 100 ppm Ni solution. A]l standards were prepared by

delivering the appropr1ate volume from a 5 ml Dosimate

with water. B

-N1 solution. A ten-fold d11ut1on was carried out yielding

ﬂburette to a LOO ml volumetric fiask and diluting a volume
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" TABLE €17 \

PREPARATION OF STQNDARDS FOR NICKEL
‘ !

- mls of 100 ppm Ni stock. Final Ni cong. Absorbance
diluted to 100 m1s °~ = - (ppm)
* 0.000 0.000 0.000 %; 0.000-
. ¢ 1.000 ) \ 1.000, \ 0.022 + 0.000
© 2.000 2.000 “0.036 ¢ 0.00]
3.000 3.000 0.052 + 0.000
/ 4.0000 ¢ 4.000 0.069 * 0.000
’ . 5.000 5.000 . 0.087 0.000
Regression coefficient r: 0.9985 \
Y-Intercept : 0.0020 \
Slope 00168
\
£
N
- /
S
? g’
’ . 5




N e . ———— Y~ n

«?

237.
TABLE C18 .
SAMPLE- I ABSORBANCE ° CONC. Ni (ppm)
B.S. (H,0) " -0.004 3 0.007 ND
Na,S,0 4. 5H,50 ~0.000 +70.001 ND
NaHCO, . -0.003 + 0.001 ND
K,HPO, =0.002 + 0.001 N
. NaC1 " -0.003 + 0.001 ND -
> Mgs0,.7H,0 -0.003 * 0.00]1 ND -
CNH,CY -0,003 +.0.001 ND
NagMo0,.2H,0 ' -02002 = §.001 ND
call, tL -0.002 + 0.001 ND
Mncl, -0.002 + 0.001 ND
Fes0, . 7H,0 -0.002 + 0.001 ©ND
‘D = NOT DETECTED . '
. ‘ ]
\'\ -
o
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m D " TABLE €19

_ ELEMENT: sb ¢
< LS - - .‘ ' 'Av ..r
WAVELENGTH: 217.6 nm* T .
SLIT: '3 (0.02 nm) = - L
'IGHT SOURCE: hollow cathode lamp .

" LAMP ENERGY: 20 mA - ] B

BURNER: 4 in. R

FLAME: air acetylene, oxidizing
LINEAR RANGE: 40 ppm | |
LOMER DETECTION LIMIT: 0.5 ppm | i’.-x

" STANDARD STOCK SOLUTION:

2.743°g of potassium antimony tartarate hemihydrate
(K(SBO)C4H6'1/?H20§ was dissolved in‘water and‘dilﬁted'to
1600 ml in a volumetric flask, yielding a 1000 ppm $b
solution. ATl standamdslwere prebared by delivering the -
appropriate volume from a 5 ml Dosimat hurette to a IOO'ml"

o 1
volumetric flask and diluting to volume with water.

LR
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TABLE €20 |
oo _7(1
 PREPARATION OF STANDARDS FOR ANTIMONY
mls of 1000 ppm Sb stock: Final Sb conc. Absorbance
diluted to 100 mis | (ppm) g
0.000 0.000 -0.002 * 0.001
. 0.500 5.000 0.015 % 4.000
1.000 - 10.000 .0.027 £ 0.00]
- " 1.500- 15.000 0.041 * 0.000
% . 2.000 20.000 0.058 * 0.000
2.5000 “‘u' 25.000 0.076 * 0.000
3,000 .. 30.000 0.088 * '0.000
Regression coefficient r: 0.9987
Y-Interéept :-0.0020, !
Slope -+ . 0.0030 ,
7
\ ‘-_
4 . :



SAMPLE

TABLE C21

ABSORBANGE

B.S. (H,0),

25203.5H20v

Na'
, Nﬁﬂﬁos
e
K HPO,

&

NaCl ..

-~

‘MgS0,.7H, 0
- NH 01

Na 0

4

MoO‘.gH2

2

CaC]z'

- Mnc1,
* . /
Fes0,.7H,0

,

ND =-NOT DETECTED

0.000 ¢ o.q?f-

-0.003~ + 0.001

0.004 .001

£ 0
0.001 0.001
-0.007 2 0;0Q1
-0.003 :.o.ooi
o.ooo‘i‘o.odm‘
0.001.% 0.00]1
0.006 * 0;06]
0,006 * 0.654
0.006 * 0.00]

4
~

CONC. Sb (ppm)

ND

-

- 1+ LI

1.667
g.oo@'
- ND
"
\1f£§7
o "~:'
"™
.2.667'
2.667

2.667.
o4

’ N
o+
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Sty i

e o

. LIGHT SOURCE: - hollow cathode lamp .

TABLE C22
L3 .
'ELEMENT: Mn |
" WAVELENGTH: 279.5 nm : * .
SLIT: 3 (0.2 nm) \ a

7

LAMP ENERGY' 15 mA

"BURNER: 4 in. o . : L 7

FLAME:  air acety\ene ox1d1z1ng

LINEAR RANGE:" 3 ppm: BT

- LOWER DETECTION LJMIT: 0.055 ppm

STANDARD STOCK SOLUTION:

1.0000 g of.pure‘manganese metal was dissolved in a

minimum of a 1:1 nitric ac1d solutlon and diluted to 1 0

”"m] in a vo]umetr1c flask, y1e]d1ng a 1000 ppm Mn so]ut1o

A ten—fo]d dilution was carried out yielding a ]00 ppm Mn

so]ution A1l stahdards were prepared by delivering the

app;opr1ate volume from a‘'5 ml Dosimat. burette to-a 100 m1

’ volumetrwc f]ask and d11ut1ng to vo]ume with water

3

N

287,

-
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TABLE €23

-

242, .

. ' .
«, PREPARATION OF STANDARDS FOR MANGANESE
. #

N

mls of 100-ppm Mn stock

Final Mn conc.

"Absorbance

diluted to 100 mls - (ppm)
0.000 . 0.000 0.003 + 0.000
10.500 - © . 0.500 " 0.027 t-o,§00
.00 o 1.000 0.058 + 0.000
"1.500 1.500 © 0.086 = 0.000
| 2.000 2.906 10.109 = 0.000
2.500 2.50b 0.138 * 0.001
Regression coefficient r: 0.9993
Y;Iﬁfergepé ‘ - 0.0024 X
: 0.0542

Slope

»

T~
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SR -

[

_NT

'_ NaC1.

| e,
. .
' TABLE C24 S
SAMPLE - ABSORBANCE gonc. mn (ppm)
CB.S. (H0) | ©0.000 * 0.001 ND
Na,$,0,.5H,0 0.000 2 0.001 ND
NaHCO, 0.001 * 0.001 ND
 K,HPO, 0.002 + 0.001 ‘ND
0.000 £ 0.00] ND
Mgs0,.7H,0 0.001 * 0.001 ND
NiH,C1 0.002 * 0.00] ND
Na,M00, :2H,0. 0.000 * 0.001 - W
cacl, 10.000 + 0.001 N
N / * ‘ ‘ "
MnC]Z‘ --------------- NT
o >
Fes0,.7H,0" 0.000.% 0.001 ND
_ ND = NOT DETECTED .
= NOT TESTED FOR --
.
T8
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TABLE €25

ELEMENT: Cr

" WAVELENGTH: 357,9 nm

SLIT: 4 (0.7 nm) ,
LIGHT SOURCE} hollow cathode lamp
LAMP ENERGY: 25 mA . B A

/
" BURNER: 4 in.
FLAME: air acetylene, oxidizing _ = . .,
LINEAR RANGE: 5 ppm T B Cot -

-

* LOWER DETECTION LIMIT: 0.1 ppm

STANDARD STOCK SOLUTION:

3.735 g:of potassium chromate,(szrOA) was dissolved
in water and d%]uted»%ollodo ml in a'vo1umétric flask,
“'yie]ding a 1000 pbm Cr solution. "A tén-fo]d‘dilution was
carried out yiefding a/LOOQppm Cr so1utfon. :A11'staﬁdafds
wére‘prepared by deﬁivefing ‘the appropfiate volume from é
5 ml Dosimat burétte to a 100 m]}vo]umetric fia;k éna

"diluting with water.

L"




TABLE C26

PREPARATION OF STANDARDS FOR CHROMIUM

ana] Cr conc.

245,

 {

mls of 100 ppm Cr stock Absorbance
‘dituted to 100 mls © (ppm)
0.000 0.000 0.002 + 0.000
~0.250 0.250 0.004 + 0.000
\ 0.500 0.500 0.009 + 07000
.7 1.000 1.000 0.024 + 0.000
1.500 1.500 0.035 + 0.000
2.000 2.000 0.083 + 0.000
. A
‘Regression coeffic&ent r: 0.9959 b
Y-Intercept ' | :-0.0015 \

' ‘S1ope

gk e T S

=
P

: 0.0233
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TABLE (27
 SAMPLE - ABSORBANCE - CONC. .Cr (ppm)
B.S. (Hy0) ~0.003 + 0.001 ’ ND
Na,S,0,.5H,0 -0.002 + 0.001 HD
NaHCO, 0.000 * 0.001 , ND
K HPO, 0.000 + 0.001 SN
NaCl . 0.007 * 0.001 D
" . . i ) ”,
MgSO0, . TH,0 0.007 # 0.001 : - ' ND
NH,C1 | 0.000 *,0.001 SR )
Na,M00,.2H,0 ©0.000 ¢ 0.001 ND
- cacl, : ‘ 0.001-+ 0.001 : ND
| , ,‘ | -
MnCl, ©0.001 + 0.001 N
FeSO , . 7H,0 0.002 # 0.001 ’ ND
"'ND = NOT DETECTED »
’ \
N
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"~ LAMP ENERGY: 8 mA.

TABLE C28

ELEMENT: B |
‘NAVELENGTH: 223.1 nm

SLIT: 3 (0.2 nm) |
LIGHT SOURCE: hollow cathpde lamp
BURNER: 4 in.
FLAME:> air acetylene, oxidizing

LINEAR RANGE: 50 ppm :
"LOWER DETECTION LIMIT: 0.5 ppm

STANDARD STOCK SOLUTION:

1.0000 g of pure bismuth metal was dissolved in a'

minimum of a 1:1 nitric acid solution and diluted to 1000
ml in a volumetric flask, yielding a 1000 ppm Bi solution,

A1l standards were p}‘epared by delivering the appropriate

volume from a 5 ml Dosimat burette to a 100 ml vo]umetri_c

flask and diluting to volume with water,

247.

TP ——
~
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_ - TABLE‘CfQ
| " r_rﬂs of 1000 ppm Bi éj;ock Final Ei _conc. Abso’rbancAe )
, diluted to 100 ﬁi (ppm)
' 0.000 0.000 -0.002 * 0.001
0.500 5.000 0,015 + 0.002
1.000 10.000 ° '0.027 + 0.002
- 1.500 15.000 0.036 = 0.002”
2,000 20.000 0.062 *+ 0.000
2.500 25.000 0.070 * 0.000
13.000 30.000 0.080 * 0.000
Regression coefficient. r: 0.9920
Y:-Intercept 7-0.0008
Slope : 0.0028

e
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TABLE, C30

249-.

ND = NOT DETECTED

SAMPLE ABSORBANCE CONC. Bi (ppm)
B.S. (H,0) ’ 0.008 + 0.001 ND
N§25203.5H20 £ 0.009 + 0.00]1 ND
NaHCO 5 0.006 * 0.001 ND
Kg}wo4 -0.003 + 0.001 ND
NaCl 0.006 * 0.001 ND

e ﬂ' }
MgS0, . 7H,0 0.007 * 0.001 ND
’NH4C1 0.005 + 0.007 ND
Na2M004.2H20 0.007’¢'6.001 ND
, Cacl, 0.005 * 0.001 ND
MnC1,, 0:005 % 0.001 ND
. \

" FeS0, . 7H,0. 0.006 * 0.001 ND

; ~



TABLE .C31 Ce Y

N

ELEMENT:  Sn
WAVELENGTH: 224.6 mn
SLIT: 3 (0.2 nm) _
LIGHT SOURCE: hollow cathode Tamp
LAMP ENERGY: 40 mA |
BURNER: 2 in.
FLAME: air acety]epe, oxidizing
— LINEAR RANGE: 200 ppm
LOWER DETECTION LIMIT: 4.1 ppm .

S TANDARD STOCK SOLUTION:

1.0000 g .of pure’ tir; metal was dissolved ina 100 ml
of concentrated hydrochloric acid and dj]ute‘d to 1000 ml
an-a volumetric flask, yielding a-1000 ppm Sn solution.
Al standaras were prepared by delivertng tﬁé.\qupr;opriate

volume From-a 5 ml Dosimat burette to a 100 ml v‘o\umetric
TN

0

flask and diluting with water. °

“
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i . ‘TABLE €32
{ v
jk~ . PREPARATION OF STANDARDS FOR TIN
' mis of 1000 ppm Sn stock Final Sn.conc..,  Absorbance
diluted to 100 mis. (ppm) )
T ey _‘ i = ‘
0.000 0.000 0.000 *+ 0.000
v 1 3
0.500 : ~5.000 , 0.002 + 0.000
1.000 “ < 10.000 0.004 + 0.000
; 2.000 o . h20.000 0.009 + 0.000
‘ 2.500 L . 25.000 , - 0.012 % 0.000
‘ 3.000 30.000 0.015 + 0.000
. . ,
%"‘_;; . - * A
", Regression coefficient .. r: 0.9972. . c’ -
' Y-Intercept _ :-0.0005
. Stope .+ : 0.0005
! ’ o i '
! - o
- © '
' \
! ‘ . £
/l—’—-’ « -
| .
“ 4
]
3 “r & . . %‘
b |




~v

352,
. TABLE €33

SAMPLE _ ABSORBANCE CONC. Sn (ppm),
B.S. (H,0) ‘ 0.p06 + 0.000 » 13.00
NayS,05.5H,0 0.001 ¢ 0.000 ND )
NaHCO, 0.001 £ 0.000 ND

K,HPO, . 0.001 +0.000 ND

NaC1 0.003-: 0.000 ND
MgSO,.7H.0 -0.003 + 0.000 - ND

4 i 2 /r R
Pl - 5 l N )
NH,C1 -3.002 * 0..000 ND. _
/

NazMooquHZO -0.002 + 0.000 ND . .
CaCl,. 0.016 + 0.000 "33.00

MnC1, 0.012 £ 0.000 - 25.00 -
- Fes0,.7H,0 -0.012 + 0.000 25.00

\.»._5*
ND = NOT DETECTED
'} .
[ ]
3 » s < » ’ *
>




ELEMENT: V .

L)

TABLE C34

LI

t
i v

318.3 SR
WAVELENGTH: 318.4 nm .

~318.5 o
SLIT:" 4 (0.7 am)
LIGHT_SpURCE: hollow cathode lamp
LAMP ENERGY : "40 mA

{

BURNER: 2 in.

FLAME: nitrous oxidejacéLy]éne3 reducing

’

LINEAR RANGE: 150 ppm

_LOWER DETECTION LIMIT: 1.7 ppm

-

STANDARD STOCK SOLUTION: )

3

E

in a volumetr1c f]ask y1e1d1ng a 1000 ppm V solution.

ten fold d1]ut1on was carried out y1e]d1ng a 100 ppm V

253.

1.0000 g of pure vanadium metal was dissolved in a
minimum of con&entrated nitric acid and diluted to TOOO mlk

A .

so]utwmu Al] standards were prepared by de]wver1ng the

appropr1ate volume from a 5 ml Dos1mat burette to ﬂ 100 m1

Vi
vo]umetrlc f]ask and diluting to volump with water.
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TABLE C35 ; . -
PREPARATION OF STANDARDS FOR VANADIUM
o g | ; |
“mls of 100 ppm V stock Final V conc. ~ Absorbance
~diluted to 100 mls ~ Appm) \
10,000 . ~ o0.000 _ o.ogF\t\p.ooo
1.000 ©1.000 0,003 = 0.000
2.000 S, 2,000 0.005 * 0.000
.3.000 L . - 7.3.000 \\\ 0.007 = 0.000
4.000 B 000 0.009 + 0.000
. 5.000 7 5.000  .0.012 % 0.000
!

Regression coefficient . ©or: 70,9971

Y-Intercept. =~ - "+ 0.0008

Slope .~ . - 1 0.0021

pe . . N
\ ,
.
i
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TABLE €36
SAMPLE ABSORBANCE " CONC. V (ppm)
B:S. (H,0) 0.003 + 0.001 ND
Na,S05.5H,0 %.004 0,001 ND
“NaHCO, ~0.004 £ 0.001 ND
K,HPO,, 0.003 + 0.001 ND
NaC1 . 0.004 + 0.001 ND.
 MgS0,.7H,0 0.004 + 0.001 ND
NH,C T 0.004 + 0.00] N
Na,M00, . 2H,0 0.005 + 0.001 ND
. CaCl, 0.005 + 0.001 ND
MnCl, 10.003 £ 0.001, ©OND
| FeS0,.7H,0° 0.005 + 0.007. ND |
2 ND = NOT DETECTED
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‘. TABLE €37

ELEMENT ~ Co

NAVELENGTH 240.7 nm N -
SLIT:, 3°(0.2 nm)

“LIGHT- SOURCE: .hollow cathode lamp
“LAMP ENERGY: * 15 mA

BURNER: 4 in.
FLAME: . air acetylene
LfNEAR RANGE: 5 ppm

LOWER DETECTION LIMIT: 0.15 ppm

" STANDARD STOCK SOLUTION:

1. 0000 g of pure cobalt meta? Qas dissolved in a
minimum of a 1: 1 hydroch]orwc acid solution and diluted to
volume in a_3000 ml vo1umetr1c flask. y1e1d1ng a 1000 ppm
" Co so]diion. A.ten-fold d11ut1on was carried out ykg]d1ng
a 100 ppm Co so]utlon All standards were prepare by
de]1ver1ng the appropr1ate vo]ume from a b m] Dosimat
,burette to a 100 ml vo]umetr1c flask and d11ut1ng to

'vo1ume‘w1th water. © | c - v

<
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///’f _ o : B
- L TABLE C38 S
, | \
. PREPARATION OF STANDARDS FOR COBALT
) , ' ’ .
| mls of 100 ppm Co stock . Final Co conc. . .Absorbance
diluted to 100 mis: (ppm)
| : 0.000 e | 0.000 0.001 * 0.000
I -~ 1.000 " 1.000 0.003 + 0,000
2.000 -~ 2.000 0,005 * 0,000
) i .
© 3.000 K 3.000 . 0.007 * 0,000
. , " 4.000 - 000 . 0.009 £ 0.000
- jﬁﬁ\. | 5.000 . 5.000 - 0.012 + 0.000 -
- . K ‘ o ’
. ¢ Regression coefficient R 0.9978 AR
(___ Y-Intercept C i 0.0010 |
A . X
STope . : ) :. 0.0208
| e :
|
"
8 .
\ <
\‘ .
|
{
) " . ¢ ‘ i
N ! | ' -
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ND = NOT .DETECTED

¥
o TABLE €39
SAMPLE ABSORBANCE CONC. Co (ppm)
B.S. (H,0) 0.003 + 0.001 ND
Na,S,0,.5H,0 0.004 + 0.001 ND
NaHCO, 0.004 ¢ 0.001 ND
K,HPO, 0.003 + 0.001 ND
NaCl 0.004 + b.oq1 ND
: M5504.7H20 . 0.004 * 0.001 ND
NH,C1 0.004 + 0.001 ND
Na,Mo0, . 2H,0. . 0.005 £ 0.00] ND
caCl,, . 0.005 + 0.001 CND
| . . . ‘.,
MnC1, -0.003 * 0.001 ND
Fes,.7H,0 :0.005 + 0.001 ND

[PPSR
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TABLE C40

ELEMENT: Mo ¥

‘wAVELENtTH: 313.3 nm

LIGHT S

3
3

URCE: hollow cathode "lamp
SLIT:I 4 (0.7.nm)

LAMP ﬁNfRGY: 30 mA

BURNER: i 2 in,

4

FLAME: nitrous oxide-acetylene, reducing

" LINEAR RANGE: 60 ppm

\
LOWER DETECTION LIMIT: 0.5 ppm

STANDARD. STOCK SOLUTION:

259.

1.840 g' of ammonium paramolybdate (NH4O@4.4H20) was

dissolved in water and diluted to 1000 ml in a volumetric

flask, yielding a 1000 ppm Mo solution. A1l standards

diluting with water to volume.

/'/

:weré'prepared by dé]iyering the appropriate volume. from a

S-hl Dosimat buregzg/!o a 100 ml vo1umétric flask and
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TABLE C41

' ‘PREPARATION OF STANDARDS FOR MOLYBDIMUM

mls of }000 ppm Mo stock Final Mo conc.. Absorbance

'diluted to 100 mls (ppm)

0.000 | . 0.000 0.000 + 0.000

0.500 | © 5.000  0.016 + 0.000
| 1.000 110,000 0.033 + 0.000
° 1.500 . 15.000  0.055 + 0.000

2.000 20,000 ©0.077 ¢ 0.000

| o |
2.500 ‘ / 25.000 0.099 : 0.000
' , ' ¢

3.000 30.000 0.121 + 0.000

Regression coefficient r 0.9982

"~ Y-Intercept ~: -0.0041
Slope R : 0,0041

F
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TABLE C42 :

SAMPLE " ABSORBANCE CONC. Mo (ppm)-
B.S. (Hy0) 0.001 + 0,001 OND
Na,5,04.5H,0 0.001 + 0.001 . ND

NaHCO, 0.003 + 0.001 . 'ND

K HPO, 0.001 *0.001 P "ND ' '
“NaC1. 0.001 * 0.001 ‘ ND

. MgS0, . TH,0 —07002 07001 —— ND S,

NH 4 C1 '0.002 + 0.001 ND
Na2M004.2H20 N --’-—-‘ -------- NT A

CaCl, 0.002 + 0.001 . ND

. .

“MnC1, 0.002 + 0.001 ND

FeS0,.7H,0 £ 0,002 *+ 0.001 ND

ND = NOT DETECTED

NT

'NOT TESTED FOR

-




\ . .
' - i / ‘
. ' ]
. )
' ?
| -
) .
. § |
/ . \ |
- | y |
. ' . |
. , 1
B
. | |
- . . ' t ‘
. ‘ ‘
! v
’ .
' .
N
¢
5 |
’ N . " . ) ' | |
. ) ,
| | A } o
. J | N
. ' | |
’ i | ‘
h ‘ T
- - - . . . . . l'i':,‘
. i I v . ) b— g
- . ) |
.
| .
* i
. . ) a
. . ) ,
| | | " . N
' ) + -
. . ‘ ‘
' . - -
. . . \ \ ‘ | |
| . ‘ . no .
" ’ . ‘ ‘ ’ : * - » “
. N |
) . . . . .. | |
I = . | ‘ |
. . ) ‘
) o ‘ ‘ v .
| : « . ’ )
. , . ‘




